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RESULTS OF GEOLOGIC DRILLING, 1953, LAND-PEBBLE PHOSPHATE DISTRICT, FLORIDA ‘I

By James B, Cathcart and Lawrence J. McGreevy
ABSTRACT

A program of core drilling to delimit the uranium and phosphate-
bearing strata (the aluminum and calcium phosphate zones) of the land-
pebble phosphate district, and to study the stratigraphic relations of
the Bone Valley formation was carried out in the fall of 1953.

A series of cross sections, an isometric block diagram, and a
series of tables summarize the lithologic, stratigraphic, analytical,
and economic data derived from the drilling.

The Bone Valley formation of Pliocene(?) age was deposited by a
transgressing sea. In most of the district, the Bone Valley overlies
limestone or dolomite of the Hawthorn formation (middle Miocene); but
in the northern part of the district in northern Polk County, where the
Hawthorn thins to an erosional feather edge, the Bone Valley overlies
the Tampa formation (early Miocene), and farther to the north, in Pasco
County, clayey sands of the upper Bone Valley overlie the Suwannee lime-
stone (Oligocene). To the east and south, however, the Bone Valley
overlies a micaceous, phosphatic, clayey sand, containing fossils of
late middle Miocene age. This material in turn overlies the limestone
or dolomite of thé Hawthorn formation. The material is thought to be an
unnamed member of the upper part of the Hawthorn.

In the northernmost line of holes drilled, material lithologically
similar to the Bone Valley overlies a sandy clay contaihinglangular white

phosphate particles, material very similar to the hardrock phosphate. ‘\
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|' It is thought that this material may represent the Alachua(?) formation.
It appears, therefore, that the Bone Valley is in part equivalent to the
Alachua(?) formation, but that a part of the Bone Valley formation may
be somewhat younger than the Alachua(?). Three holes in the northeast
penetrated the Ocala limestone (Eocene). Indications are that this lime-
stone may occupy an upthrown fault block.

Since the deposition of the Bone Valley, weathering altered the
formation, changing fluorapatite to wavellite and crandallite (pseudo-
wavellite), and forming the aluminum phosphate zone.

In the northwest part of the land=-pebble district, the aluminum
phosphate zone extends beyond the limits of the calcium phosphate zone, .
To the east and south, the calcium phosphate zone extends beyond the

“‘ limits of the aluminum phosphate zone. In the northern part of the area
where the phosphate deposition was thinnest, the entire Bone Valley
formation may have been leached, while to the south, where the formation
was thicker, only the top part of the formation was leached, and both
zones are present. Still farther to the south, in Hardee and Manatee
Counties, the Bone Valley formation may not have been exposed to subaerial
weathering, and the aluminum phosphate zone was not formed. The present
limit of the aluminum phosphate zone is the result of a combination of
erosion after the zore was formed, and the possibility that to the east
and south, phosphatic sediments were not exposed to weathering in the
Pliocene. The aluminum phosphaté zone and the calcium phosphate zone

both cut across stratigraphy. This is ¢learly shown in some of the lines
where, for example, aluminum phosphate minerals have formed in the Bone

(‘ Valley, the Hawthorn, and the Tampa formations. The calcium phosphate



12

zone may be entirely within the Bone Valley formation, entirely within
the Hawthorn formation, or most commonly, it includes the bottom part
of the Bone Valley, and the weathered top of the Hawthorn formation.\
The phosphate deposits of the land-pebble district are thus complex——

partly residual, partly marine reworked, and partly phosphatized clay .
INTRODUCTION

The land-pebble phosphate district is located in west-central
peninsular Florida “etween 27°00' and 28°15' North latitude and 81945
and 82°15' West longitude. The district is divided on the basis of
pbosphate content and tonnage into a northern, high-grade part in Polk
and Hillsborough Counties, and a southern, lower-grade part in Hardee
and Manatee Counties (fig. 1).

A program of core drilling to delimit the uranium- and phosphate-
bearing strata of the Bone Valley formation and to study the stratigraphic
relations of the Bone Valley formation was undertaken by the U. S.
Geological Survey, on behalf of the Division of Raw Materials of the
.U. S. Atomic Energy Commission, A spoke-like pdttern of lines of drill
hole sites was laid out; the first site in each line was selected within
the limits of the land-pebble phosphate district. Drilling permits from
the land-owners were obtained under the direction of Emerson C. Willey
of the Geological Survey. A sampler followed the drilling in the field,
checked core recovery, and collected chip samples from the core at one
foot intervals. A total of 115 holes aggregating 7,112 feet were drilled

from May 26 to October 21, 1953, using a truck-mounted rotary drill.
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Heavy drilling mud was used to prevent caving and contamination during
coring, Average core recovery was 74 percent; losses were noted and are
shown on the cross-sections. Holes with low recovery were redrilled to
recover enough sample for analytical purposes.: All holes were cased
with 1-1/2-inch (inside diameter) cast-iron pipe, and gamma-ray logs
were made. Casing was necessary to prevent caving prior to gamma-ray
logging.

Samples corresponding to the high-peak areas on the gamma-ray
logs were split from most cores for analysis. These samples represent,

at least in part, the aluminum phosphate zone. Where visual inspection

showed abundant phosphate grains, a sample was also taken that represented

the calcium-phosphate zone or '"matrix." The sample was weighed and then
washed over a lh~mesh screen, and the oversize retaiﬁed, driéd, and
weighed. The undersize was screened on 35~ and 150-mesh screens. The
material retained on the 35-mesh screen was dried and weighed. If
phosphate minerals were present in the'-35+150 mesh material, it was
treated in a laboratory flotation cell to separate the quartz sand and
phosphate minerals. The material passing the 150-mesh screen (the slime
fraction) was dried, weighed, and retained. Weight percents of sample
fractions were computed from the dry weights. Equivalent wranium and,
where necessary, chemical uranium were determined for all sample splits.
The samples highest in uranium content were analyzed for P205, Ca0, F,
and A1203.
The drill holes were logged by the following geologists: D. C.
Alverson, W, J. Carr, J. B. Cathcart, K. B. Ketner, L. J. McGreevy, and

R. G. Petersen of the U. S. Geological Survey. Samples of the
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fossiliferous material were examined by F. Stearns MacNeil of the
U. 5. Geological Survey, and all fossil determinations and age
assignments from fossils were made by him.

Studies of the limestone cores from lines 1 through 4 were made
by W. J. Carr and D. C. Alverson (1955). The writers have used their
age assignments for non-fossiliferous limestones in those lines. A. M.
Coleman and Charlotte Axsell assisted the writers in the preparation of
the tables and illustrations. All analytical work was done by the
U. S. Geological Survey Laboratory, Washington, D. C. Radioactivity
analyses were made by J..Goode and B. McCall under the direction of
F. Flanagan. Chemical analyses were made by J. Smith, W. Tucker,

J. Budinsky, L. Jenkins, E. Campbell, I. Barlow, R. Smith, 5. Betbee,
R. Moore, A. Sweeney, T. Murphy, J. Waving, ana G. Daniels under
direction of I. May.

All cof the factual data obtained during the drilling are presented
in tables 1-39, The even-numbered tables show all the mechanical and
chemical analyses for all samples. The odd-numbered tables give tonnage
and grade computations for the aluminum-phosphate and calcium e phosphate
zones,

A series of cross-sections, one for each line of drill holes,
summarize the lithologic, stratigraphic, and economic data., Lithologic
correlations were made from geologists' logs of the core, plus the
authors' examination of the core chips with the binocular microscope.

The authors' stratigraphic correlations are based on lithology, except
for the few fossiliferous beds. The fossil lists and age identifications

are given in the text.
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The delineation of the aluminum-phosphate and the calcium-
phosphate zones as shown on figures 2-19, was made with the use of the
chemical analyses of the samples; and for the aluminum-phosphate zone,

from the high peaks on the gamma-ray logs.
GENERAL GEOLOGY

The land-pebble phosphate district is a part of the Gulf Coastal
Plain and is underlain by thin, nearly flat-lying formations, that dip
very gently to the south and southeast. King (1951) has pointed out
that the geology of peninsular Florida differs from that of the remainder
of the coastal plain in that Florida was a positive, relatively stable
area during a large part of Mesozoic and Cenozoic time and, because of
its distance from the main part of the North American continent, it
received relatively small amounts of land-derived sediment;.

Phosphate deposits in the land-pebble district are part of the
Bone Valley formation of probable Pliocene age and/or phosphate-bearing
sandy clays of the Hawthorn formation. The Bone Valley formation was
deposited on the eroded surface of the underlying phosphatic Hawthorn
formation of middle Miocene age, and in the northern part of the district,
where the Hawthorn formation thins to an erosional feather edge, on the
Tampa formation of early Miocene age. On the fringes of the digtrict

(to the north, west, and east), drilling penetrated rocks of the Suwannee

" limestone of Oligocene age and the Ocala limestone of Eocene age, and on

the northern edges of the district, clayey sands, possibly equivalent to

the Bone Valley formation, rest on the Suwannee limestone.
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The Bone Valley formation was deposited by a transgressing sea
that reworked and partly sorted the residual mantle formed on the
Hawthorn at the close of the Miocene. Simce its deposition, the upper
part of the Bone Valley has been deeply weathered, Much of the phosphate
in this upper zone has been removed, and some of the phosphate combined
with alumina from clay minerals to form aluminum-phosphate minerals. The
Bone Valley deposits are thus complex--partly residual, partly marine
reworked, and partly phosphatized clay.

The district is covered by a blanket of loose, quartz sand of
probable Pleistocene age. Wind-blown sand, swamp deposits, and bars

and flood plains of streams are probably Recent,

| i

STRATIGRAPHY

Details of the stratigraphy and local stratigraphic relations,
are shown on figures 2-19, Stratigraphic relations and the geographic
distribution of the‘formations based on geological drilling is shown on

figure 20,
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Eocene series

Ocala limestone

The Ocala limestone was named by Dall and Harris (1892, p. 103),
for the city of Ocala in Marion County. Cooke (1915, p. 117) believed
the Ocala was of late Eocene age. Vernon (1951, p, 111-113) divided
the Ocala into the Ocala limestone (restricted) at the top and the
Moodys Branch formation at the base. The Moodys Branch formation is
divided by him into a lower, Inglis member and an upper, Williston
member. Because only a few, short cores of the Ocala were obtained in
the present study, it was not possible to sub-divide the Ocala, and the
term is used in this report as synonymous with the Jackson group (Cooke,
1945, p. 53).

The Ocala is a white, cream to jellcw, very pure limestone, in
places containing over 99 percent calcium carbonate, It varies in
thickness from about 50 to almost 40O feet., Fossiliferous Ocala lime-
stone was identified from the following locations:

Line 15, hole 5, (SWi of SW: sec, 3, T. 27 S., R. 26 E,)

Amusium gcalanum.

Line 16, hole la (SW: of SW: sec, 21, T, 26 S., R. 25 E,)

Chlamys sp., c¢f. C. spillmani.
Tubulostum sp.
Lepidocyclina ocalana.

Line 16, hole 2, (NWi of NWk sec. 21, T. 26 S., R. 25 E.)

Lepidocyclina sp. ¢f. L. pseudomarginata
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The altitude of the Ocala limestone in these holes is about the
same as the altitude of the Hawthorn formation in adjacent holes (See
figs. 16 and 17.) Calcareous clays, assigned to the Hawthorn, overlie
the Ocala limestone at these drill holes. This indicates that a part
of the Hawthorn formation, the Tampa limestone and the Suwannee limestone
may have been cut out. Thus, the Ocala limestone here may occupy an
upthrown fault block (fig. 20). If this is a fault block, the age of
the faulting is probably pre-Bone Valley, because sediments assigned

to the Pliocene(?) are apparently not affected by the faulting.

Oligocene series

Suwannee limestone

The name Suwannee limestone was proposed by Cooke and Mansfield
(1936, p. 71) for limestone exposed along the banks of the Suwannee
river. Cooke (1945, p. 88) says the Suwannee is the equivalent of
the Chickasawhay limestone of late Oligocene age. MacNeil (1947)
indicates that the Suwannee limestone is the equivalent of the Byram
and the Chickasawhay formations c¢eémbined and thus includes rocks of
middle and upper Oligocene age.

The Suwannee limestone is a yellow or cream limestone. It is
commonly soft and granular. Small solution holes, filled with green
clay, probably residual from the limestone, are abundant. In places,
the lime\has been leached from the surface of the limestone, leaving
a mass of flint. Chemical analyses (Mossom, 1925) show that the

Suwannee contains between 91 and 98 percent calcium carbonate.



19

The Suwannee limestone lies unconformably on the Ocala and is
unconformably overlain by the Tampa limestone of early Miocene age or
by younger rocks. The thickness of the Suwannee limestone in the land-
pebble district is about 130 feet (MacNeil, personal communication, 1956}
Fossiliferous Suwannee limestone was identified from the following
localitiess

Line 1, hole 4, (SW: of NE: sec, 19, T. 27 S., R, 22 E.)

Phacoides (Miltha) sp. aff. P. chipolanus
Turritella n. sp. (?)

Turritella sp. aff. T. bowenae

Kuphus incrassatus

Line 2, hole 4, (NEL of SWi sec. 6, T, 28 S., R. 21 E,)

Sorites sp.

Peneroplis sp.

Chlamys sp. cf. C.brooksvillensis
Kuphus incrassatus

Line 17, hole 5, (SWiof SWi sec. 8, T. 26 S., R. 23 E.)

Turritella halensis

Glycymeris suwannensis
Divaricella sp.

Pitar sp.

Corbula sp.

Myrtaea sp. cf. M. taylorensis
Chlamys sp. cf. C. brooksvillensis
Orthaulax hernandensis
Amauropsis sp. (?)

Chione sp.

Pitar sp. cf. p. heilprini
Anatina sp.

Venus sp.

Line 17, hole 6, (NWi of NWi sec. 1, T. 26 S., R. 22 E.)

Tritiaria n. sp. (?)
Venus sp.

Barnea sp.
Coskinolina floridana
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Line 17, hole 9, (NWi of SEf sec. 13, T. 25 S., R, 21 E.)

Peneroplis sp.
Asterigina subacula floridensis

Line 17, hole 10, (SW. of NEf sec. 11, T. 25 S., R. 21 E,)
Peneroplis sp.

Sorites sp.
Asterigina subacula floridensis

Line 17, hole 11, (NWi of SEf sec. 22, T. 24 S., R. 21 E.)

Sorites sp.

In addition to the fossiliferous limestones, material at the
bottom of hole 5, line 1; hole 3, line 2; and holes 3 and 8, line 17,
was tentatively assigned to the Suwannee. All of the drill holes that
penetrated Suwannee limestone are at the northern end of the mapped
area (fig. 1). 1In this part of the area, the Hawthorn and Tampa
formations, which normally overlie the Suwannee, are thinning. None of
the holes in the south, east, or west penetrated the Suwannee limestone,

indicating a general thickening of the younger formations to the south.

Miocene series

Tampa limestone

I

The name "Tampa formation" was first used by Johnson (1888, p. 235);
Cooke and Mossom (1929, p. 78-93) changed the name to "Tampa limestone."
Both éSEke~(19A5) and MacNeil (1947) put the Tampa limestone in the Early
Miocene. |

The Tampa limestone is much more variable in composition than either
the Suwannee or Ocala. It is a white to cream, sandy and clayey limestone,
and contains abundant chert fragments and very few phosphate nodules. The
limestone is interbedded with beds of clay and sandy e¢lay and is often

covered with a residual mantle of greenish calcareous clay, containing

chert and limestone fragments and sparse phosphate nodules.
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The Tampa limestone lies unconformably on the Suwannee limestone,
but the relations between the Tampa and the overlying formations are
uncertain. Cooke (1945, p. 115) indicates that in the northern part
of Florida, near the Georgia state line, the contact between Tampa
limestone and Hawthorn formation is gradational and conformable. Recent
work in the land-pebble district by Carr and Alverson (1953, p. 182)
indicates that the contact between the Tampa and the Hawthorn is markedv
by an erosional interval,

According to Mansfield (1937, p. 14) the Tampa limestone is about
65 feet thick near Tampa.

Fossiliferous Tampa limestone was identified from the following
localitiés: '

Line 1, hole 3, (NE}: of SE} sec. 31, T. 27 S., R. 22 E.)

Helisoma sp.

Line 2, hole 3, (SEf of SE} sec. 8, T. 28 S., R. 21 E,)

molds and casts in siliceous bed at top of calcareous clay.

Helisoma sp.

Line 3, hole 2, (SE} of SE: sec. 35, T. 28 S., R. 20 E,)
fossils in limestone fragments in green clay.

Trigonogardia sp.
Camerina sp.
Sorites sp.

Line 4, hole 1, (SWi of SW} sec. 4, T. 30 S.; R. 20.E.)

Murex sp, cf. M. trophonoformis
Ar¢a irregularis

Cardium, sp. ¢f, C. anclotensis
Anomalocardia penita

Line 4, hole 3, (NWk of SE sec. 13, T. 30 S., B. 19 E.)

Sorites sp.
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Line 14, hole 7, (NW} of SE} sec, 15, T, 28 S,, R. 26 B,)

Turritellas tampae
Turritella hillsboroensis

Amauropsis sp.

Arcopsis sp.
Chlamys crocus

Phacoides sp.

€

Line 14, hole 8, (NW: of SEX sec, 14, T. 28 S., R. 26 E.)

Venus sp.
Sorites sp.
Camerina sp.

Peneroplis sp.
Line 17, hole &, (NEL of SW} sec, 27, T. 26 S., R. 23 E.)

Terebra sp.
Knefastia sp. ¢f. K. brooksvillensis
Olivella sp. cf. Q. posti

Turritella atacta

Anadara latidentata

Chlamys sp.

Cardium delphicum

Callocardia sp.

Pitar sp.’ /-
Venus sp. i
Corbula sp. '
Architectonica, n. sp. (?)

Line 17, hole 9, (NW} of SE} sec. 13, T. 25 S., R. 21 R.)
Glycymeris sp.

In additioq‘to the fossiliferous localities; limestone or clasties

lithologically similar to the Tampa were cored at holes 1, 2, and 4 of

line 1; hole 4 of line 2; holes 1, 3, 4, and 5 of line 3; hole 4 of line
14; and holes 3, 5, 6, 7, 8, and 10 of line 17. All of the drill holes
that intersected limestones or clastics of the Tampa are in the northern
half of the area mapped, but, in the northernmsst holes of lines 1 and

17, the Tampa was missing, and the formation thins to the north. Because
the formation extends further to the north than does the overlying Hawthorn,

the thinning may be in part, at least, erosional,
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Hawthorn formation

The Hawthorn; formation was named for the town of Hawthorn,
Alachua County, by Dall and Harris (1892, p. 107). The Hawthorn was
called Middle Miocene by Cooke (1945) and MacNeill (1947). In the land-
pebble district the Hawthorn formation consists of interbedded limestones
or dolomites, sands, sandy clays, and greenish-blue or gray clays, all of
which contain abundant phosphate nodules. Where exposed in the mining pits
of the land-pebble district, the Hawthorn formation is a soft buff to
yellow, sandy, clayey, phosphate-bearing dolomite. In studying cuttings
from a deep well Berman (1953) found an abrupt change at 80 feet from
dolomite to limestone. It is believed that the upper dolomitic zone
may be a replacement of the limestone.

A thin, discontinuous deposit of soft, water-saturated plastic
sandy calcareous clay (called bedclay’by the phosphate companies) overlies
the dolomite of the Hawthorn formation in most of the pits in the districk. -
This clay is gradational with the material below and probably was derived
from the hard dolomite beneath by leaching.

No limestone of the Hawthorn formation was found in the drill
holes in the northern fringe of the district, (See figs. 2, 3, 18, and
19,) The formation in this area is very thin and pinches out to the
north., In the southern part of the area, the drill holes penetrated
sandy clays, clays, and sands of the Hawthorn formation, but many
bottomed in limestone or dolomite of the Hawthorn. (See figs. 8, 9, 10,
and 11.,) The Hawthorn formation is unconformably overlain by the Bone
Valley formation of Pliocene(?) age or by sands of the Pleistocene. The
Hawthorn ranges in thickness from a feather edge to the north of the

district to a maximum of several hundred feet to the south.
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Fossiliferous Hawthorn was identified from the following localities:

Line 4, hole .2, (SWi of SWi sec. 18, T. 30 S., R, 20 E.)

Ostrea sp.

Line 10, hole 8, (SWi of SW} sec. 15, T. 34 S., R, 25 E.)

Anadara sp.
Chicne sp.

Line 11, hole 1, (NWi of NWi sec. 1, T. 34 S., R. 25 E.)
(upper Hawthorn age)

Cancellaria sp.
Semicassis (?)
Glycymeris sp.
Anadara sp.
Plicatula sp.
Phacoides sp.
Venericardia sp.
Cardium sp.
Dosinia sp.
Venus sp.

Line 11, hole 5, (NEf of SE} sec. 35, T. 33 S., R. 26 E.)

Glycymeris sp.

Phacoides sp.

Line 11, hole 6, (NE; of SE} sec. 31, T. 33 S., R. 27 E.)

Chlamys sp.
Venericardia sp.

Chione sp.
Venus sp.

Line 12, hole 1, (sec, 36, T, 31 S., R, 25 E,
Hawthorn (?)

Anadara sp.

Line 12, hole 6, (NWi of NEf sec. 31, T. 31 S., R, 27 E,)
fossils are in a limestone gravel)

Chlamys sp.

Line 12, hole 8, iNE% of SW} sec, 33, T. 31 S., R. 27 E.)
Hawthorn(?

Turritella sp.

Chlamys sp,
Pecten sp.
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Chlamys sp.
Venericardia sp.

Phacoides sp.

Line 13, hole 2, (NWi of SE} sec, 17, T. 30, S., R. 26 E.)

Anadara sp.
Chione chipolana

Line 13, hole 5, (NW: of SE: sec, 13, T, 30 3., R. 26 E,)

Cardium (Trachycardium) sp.

Chlamys sp. (probably sayanus)
Tellina sp.

Limestones and clasties, lithologically similar to the Hawthorn
formation, were cut by all drill holes except for holes 4 and 5 of
line 1, and holes 4 through 11 of line 17. (See figs.2 and 18.) The
approximate northern limit of the Hawthorn formation is shown on
figure 20. The thinning and pinch out of the Hawthorn to the north is
shown on figures 2 and 18. In addition, figure 4 indicates a thinning
of the Hawthorn to the west. The northern thinning of the Hawthorn is
believed to be erosional; outliers of the formation are shown on the
geologic map of Florida (Cooke, 1945), to the north of the area mapped.
The thickening of the formation to the south is shown from logs of deep

wells.,
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Hawthorn(?) formation, unnamed member

Fossils, identified as late middle Miocene or early late Miocene

in age_/ were found in two areas. On the eastern fringe of the district

_/MacNeil, F. S., written communication, 1956. MacNeil says further;
"I hink I would prefer to see this zone labeled Middle Miocene(?).
Inasmuch as the Middle Miocene is called the Hawthorn formation in
peninsular Florida it might be called Hawthorn(?) formation, unnamed
member ., "

in eastern Polk County the easternmost drill holes in lines 12 and 15
(figs. 13 and 16) penetrated a bed of micaceous clayey sand, olive=-green,
fine to very fine-grained, with abundant shell fragments, and minor
- black ghosphate grains., Lithologically similar material was identified—
in lines 11, 13, and 14 (figs. 12, 14, and 15) and is tentatively
correlated with the late middle Miocene. The fossiliferous material in
~hole 8 of line 12 (fig. 13) overlies fossiliferous limestone of the Hawthorn
formation, and in hole 6 of line 15 (fig. 16), the fossiliferous material
overlies limestone that is lithologically similar to the Hawthorn.
To the south, at the north end of DeSoto County, in line 10, hole

14 (fig. 11) fossils ddentified as late Miocene(?) were found in a

white to cream, sandy and clayey limestone with a trace of black phosphate
nodules. This fossiliferous bed overlies a non-fossiliferous limestone
that is lithologically similar to the Hawthorn. According to Bergendahl
(in preparation) most of the upper Miocene is sand, containing variable
amounts of clay. This sand from its description is similar to the sand
in the east and was penetrated in holes 12, 13, 15, and 16 at the south

end of line 10.
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The clayey sand beds lie to the east of a subsurface ridge that is
parallel to and east of the Peace River. The land-pebble phosphate
district as an economic unit does not extend to the east of this ridge,
(fig. 1) although subeconomic phosphate beds overlie the middle Miocene(?)
beds east of the ridge.

The total thickness of the middle Miocene(?) beds is unknown. In
line 12, hole 8, (fig. 13) a tan sand, containing abundant coarse
phosphate, overlies the olive-green clay sand with late Miocene fossils.
This material is tentatively put into the Bone Valley; and, if this
correlation is correct, the middle Miocene(?) beds are only 10 feet
thick in this drill hole from a depth of 59.8 feet (the base of the
phosphorite bed) to 70.1 feet (the top of the fossiliferous Hawthorn).
In line 15, hole 6, (fig. 16) the fossiliferous middle Miocene(?) beds
are overlain by a tan sand with coarse phosphate nodules, also tenta-
tively put into the Bone Valley, and are underlain by non-fossiliferous
limestone, lithologically identified with the Hawthorn. The middle
Miocene(?) beds extend from a depth of k4.4 t0s86.0 feet, a thickness of
only 11.6 feet. This may represent the approximate shoreline of the
late middle Miocene sea, and the formation thickens to the east and
south as shown on the cross-sections, figures 11 through 16. In hole
16, line 10, (fig. 11) the olive-green sand tentatively correlated with
the middle ﬁiocene(?) extends from a depth of 28.0 to 84.0 feet, a

thickness of 56 feet.
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Fossils identified are as follows:

Line 10, Hole 14, (N% of SE: sec., 21, T. 36 S., R. 25 E,)

Ostrea sp. aff. O. puelchana
Chlamys sp.

Cardita sp.

Cardium sp.

Venus 7

Spisula ?
The oyster (Q. sp. aff. Q. puelchana) is unlike anything in
the Hawthorn, and this assemblage is tentatively put into the Upper
Miocene.

Line 12, hole 8, (NE} of NWi sec. 33, T, 31 S., R. 27 B.)

Anadara sp.
Chlamys sp. -
Anomia sp.
Phacoides sp.
Dosinia sp.
Mulinia orthria

Mulinia orthria is known only in the Shoal River. (This is

a high middle Miocene assemblage).

Line 15, hole 6, (NE} of Nwi sec, 7, T. 27 S., R, 27 E.)

Olivella sayana
Cancellaria sp. cf. C tabulata

Turritella sp. cf, T alumensis

Crepldula sp.

Anadars sp. of A. idonea harveyensis

Chlggx (Plagioctenium) eboreus subsp. watsonensis
Pecten (Pecten) sp.

Venus sp.

Spisula (Hemimactra) delumbis
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f" Pliocene(?) series

Alachua(?) formation

The Aame Alachua was applied by Dall and Harris (1892, p. 127)
to the bone-bearing beds found in sinks in Alachua County.

Cooke,(l945, P. 199) puts the Alachua in the middle Pliocene.
Vernon (1951, p. 183) suggests that the Alachua formation ranges iﬁ
age from lower Miocene to the Pleistocene and represents the terrestrial
equivalent of the entire marine Miocene of Florida. Fossils found in
the Alachua include bones of Miocene and Pliocene animals, which Simpson’
(1930, p. 176) regarded as the indigenous fauna, and bones of Pleistocene
animals.

The formation is a blue, gray, or green sandy clay, which weathers

(]' to a yellow or red. The sand fraction is medium to coarse, and the
formation also contains white, angular fragments of phosphate.

Sediments assigned to the Alachua(?) formation were cored only in
holes 8 through 11 of line 17 (fig. 18). The sediments are non-fossil-
iferous, coarse sandy clays containing angular white phosphate fragments,
They overlie rocks assigned to the Tampa in holes 8 through 10 and
Suwannee limestone in hole 11. Coarse quartz grains are not found in the
&ampa, Suwannee, or Ocala limestones, but are characteristic of the
Hawthorn. It is likely, therefore, that the sediments assigned to the
Alachua were derived largely from the Hawthorn, if they are not a
residuum of the Hawthorn. The angular phosphate fragments are prébably
phosphatized Ocala or Suwannee limestone. The fragments are present

throughout the Alachua(?) and may indicate some reworking. The Alachua(?)

D
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is overlain at hole 10 of line 17 by a sandy clay with phosphate nodules, ‘
similar lithologically to the lower part of the Bone Valley. In holes

8, 9, and 11 of line 17, the Alachua(?) is overlain by clayey sands

lithologically similar to the upper Bone Valley. It seems likely, there-

fore, that these sediments assigned to the Alachua(?) are at least in

part equivalent to the Bone Valley but may also be somewhat older.
Bone Valley formation

The Bone Valley gravel was named ky Matson and Clapp (1909, p. 138-141),
from a railroad stop west of Bartow, Fla. They divided the‘Bone Valley
gravel into lower beds rich in phosphate nodules and an upper, non-economic
unit containing only traces of phosphate. Cooke (1945, p. 203)
suggested a change in name to Bone Valley formation, as gravel makes up
only a small part of the material, ‘

.The Bone Valley formation is generally regarded as Pliocene in
age on the basis of land vertebrates (Simpson, 1929), although it may
be latest Miocens. Brodkorb (1955, p. 38-39), says: "The avifauna,
therefore, must be of late Miocene to middle Pliocene age, and the
agreement is closest to other avifaunas recorded from the early or middle
parts of the Pliocene." Bergendahl (in preparation) shows an interfingering
of "undifferentiated phosphate," in part equivalent to the Bone Valley
formation, with a sand containing marine invertebrates which may be very
late Miocene in age. At present, this discrepancy in age assignment has
not been resolved.

The Bone Valley formation consists of a lower zone composed of
phosphate nodules, sand and clay and an upper zone composed predominantly

'\

of clayey sand with minor amounts of phosphate nodules.
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The lower zone, which ranges in thickness from a feather edge
to more than 30 feet at hole 1, line 8 (fig. 9), is composed of
interbedded, lens-like beds of sand, clay, and clayey sand. All of
the beds contain phosphate particles, and individual beds may vary
from élmost barren clay or sand to those which are almost entirely
phosphate nodules. The upper part of the Bone Valley formation ranges
from a slightly clayey sand to a sandy clay and generally contains a few
phosphate nodules. The contact between the lower and upper zones of
the Bone Valley formation is gradational over a vertical distance of a
few inches. The upper part ranges in thickness from a feather edge to
about 68 feet at hole 6, line 12 (fig. 13). Toward the fringes of the
district (line 1, fig. 2) the phosphate beds of the lower Bone Valley
are not present, and the Pliocene(?) is represented by clayey sands.
These beds are lithologically similar to the upper part of the formation.
The lower, phosphorite unit of the Bone Valley formation is present
almost throughout the area. The limits of the calcium phosphate zone,
shown on figure 1, also represent, at least roughly, the limits of the
lower unit of the Bone Valley formation. The lower unit is not present,
except as smali patches north of Polk and Hillsborough Counties, The
limits of the formation to the south are not known; the southernmost
drill holes contained material lithologically similar to the Bone Valley,
The upper clayey sand unit of the Bone Valley formation is present
throughout the area mapped. The distinctive lithology, a medium to fine

quartz sand, lightly bound with white clay, was noted in every drill hole,

-
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Pleistocene series

Terrace sands

The loose sands overlying the Bone Valley are probably Pleistocene
in age. No fossils were found in any of the drill cores, but a few
horse teeth of Pleistocene age have been found in the loose surficial
sands in the land=pebble district. The sands aré nearly pure quartz,
with only traces of clay, heavy minerals, and as much as 0.5 percent
P205, They are generally white in color but locally are stained gray
with organic material, or light brown or tan with iron. Wind-blown
sand, swamp deposits, and bars and flood plain deposits of streams are

considered Recent in age.
MINERALOGY

The mineralogy of the land-pebble phosphate district has been
described by Altschuler and others (1955). For the purposes of this
report, the mineralogy will be described only briefly.

Berman (1953) points out that the deeper, unaltered Hawthorn
limestone in a deep drill hole contains calcite, quartz, minor apatite,
and the clay minerals, either kaolinite or montmorillonitg. The
Hawthorn formation consists of dolomite, attapulgite, quartz and apatite
closer to the surface; the "matrix" of the Bone Valley formation is
quartz, montmorillonite, and apatite; and the overburden is quartz with

minor morntmorillonite. This section is typical of those areas where

aluminum~phosphate minerals were not formed.
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X-ray spectrometer analyses of a series of vertical channel
samples, each sample representing a very limited vertical interval,
were made by L. V. Blade of the Geological JSurvey in 1952, All of
the sections were taken from the surface to the base of the pit at
mines in the district. The following are generalizations from several
sections which are believed typical of areas that were leached and
where aluminum-phosphate minerals were formed.

The loose surface sand contains only quartz, except near the
contact with the clayey sand of the upper Bone Valley, where minor
kaolinite was detected. The clayey sand of the upper Bone Valley,
whether obviously leached or not, contains kaolinite, wavellite,
crandallite, and possibly a minor amount of montmorillonite., Quartz

is ubiquitous. The same minerals are present at the top of the lower

Bone Valley, but at the upper contact or slightly above it, montmorillonite

is the most abundant clay mineral, apatite is abundant and commonly

crandallite is more abundant than wavellite. In the lower Bone Valley
("matrix") apatite and mon@morillonite are the most abundant minerals;
kaolinite and aluminum-phosphate minerals are minor constituents. The
residual Hawthornﬁi(bedciay) contains calcite and dolomite in addition

to apatite and montmorillonite.
CHEMISTRY

Table 1 was made from the analytical and screen data from the
drilling. Only samples which were clearly in one of the stratigraphic

intervals shown were used. Many of the samples taken included more
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Table 1, --Comparison of screen size distribution and chemical analyses,
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different stratigraphic intervals.

Averages of samples from

Mesh size Weight percent retained on screen Aluminum phosphate
Hawthorn |[Calcium phosphate zone zone (Bone Valley)
limestone |Hawthorn | Middle Bone Valley (lower

clastics Miocene (7) [Dark Light
hosphate] phosphate
+ 14 (pebble) 19,3 5.1 8.3 11,2 8.3 1.6
=14 + 35 (feed) 10,7 13,0 18,0 14,7 14,3 17,0
-35+ 150 " Y 66.5
=35+ 150
(concentrate) 10,1 10,5 10.8 8,2 6.8
=35 + 150 (tall) 25,5 45,1 49,86 54,5 44,0
=150 (slime) 34.4 26,2 13,5 13.4 26,4 14,9
) Percent P2O5
I
Pebble 17,9 22,1 25,6 27,0 31,8 11,2
Concentrate 22,9 30,1 30,0 31.5 34,1 none
Slime 12,4 .
’Percent U
Pebble 0,007 0,009 0,014 0,013 0,016 0,008
Concentrate 0,006 0,008 0,011 0,010 0,012 none
Slime 0,020
CaO/ l’“zi)5 ratio
Pebble 3,15 1,62 1,69 1,417 1,32 0,61
Concentrate 2,67 1,47 1.37 1,39 1.38 none
Slime 0,49
:
1F/P20>5 ratio

A J i
Pebble 0,119 0,114 0,114 0,114 0,108 0,079
Concentrate 0,115 0,110 0,112 0,114 0.110 none
Slime 0,052

_l_/ The -35 + 150 mesh feed fraction was separated, by flotation into a concentrate and sand tailings
fraction, No concentrate was present in the samples from the aluminuym phosphate Zone of the Bone
Valley formation, ’
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than a single stratigraphic interval. For example, in many of the
drill holes, a single sample of the calcium phosphate zone was takenj
the sample may include phosphate of both Bone Valley and Hawthorn,

The weight distribution shows that samples of the limestone of
the Hawthorn contain the highest percentages of pebble, and the analyses
show that the pebble fraction is low in phosphate, and from the calcium/
phosphate ratio, contain excess calcium., Probably the pebble sample
contains abundant particles of slightly phosphatized limestone, as well
as the coarser particles of caleium phosphate. The limestone also
contains the highest percentage of slime, and the lowest percentage of
qguartz sand (the tails fraction) of any of the samples.,

Hawthorn clastics, however, have much less pebble, slightly less
slime, much more sand, and about the same amount of concentrate as the
limestone.

The phosphate of the unnamed member of the Hawthorn (?) formation
differs from the Hawthorn principally in the amount of the slime
fraction, which is only half of that in the Hawthorn. The pebble
fraction is higher, the concentrate about the same, and the sand fraction
is increased slightly.

Phosphorite of the Bone Valley has been divided into those deposits
characterized by black bhosphate nodules and those characterized by
lighter colored nodules (white, tan and gray). The darker material
contains a high pebble percentage and a lower concentrate fraction than
the middle Miocene(?) or the lighter material of the Bone Valley. Also,
the slime fraction of the darker material is low, half as much as in the

lighter material.
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The aluminum phosphate zone is characterized by a very minor pebble
fraction, high sand, with no concentrate, and medium slime.

Several generalizations about the phosphate content of the nodules
in the different stratigraphic units can be made: First, the pebble
fraction always has less phosphate than the concentrate fraction; second,
the phosphate content of the aluminum phosphate zone is only about half
that of the calcium phosphate zone; and third, the phosphate content of -
the nodules is highest in the Bone Valley, and gets progressively lower
in the middle Miocene(?), Hawthorn clastics, and is lowest in the
Hawthorn limestone.,

The uranium content also varies in a more or less regular manner
and follows the variations in phosphate content. In general, the uranium
content of the phosphate nodules is greater in the coarser fraction, is
higher in the calcium phosphate zone of the Bone Valley and middle
Miocene(?) than in the Hawthorn clastics, and the limestone of the
Hawthorn contains the least amount of uranium. It is also notable that
the highest average uranium content is found in the slime fraction of
the aluminum phosphate zone.

The calcium/phosphate ratio is lowest in the aluminum phosphate
zone, increases regularly through the Bone Valley, middle Miocene(?)
and Hawthorn clastics, and is greatest in the Hawthorn limestone. This
change in ratio corresponds to a change in mineralogy--from aluminum
phosphate to calcium phosphate to calcium phosphate plus calcite, It is
also interesting to note that the ratio is generally higher in the pebble
fraction than in the concentrate fraction. The calcium/phosphate ratio in

fluorapatite (Palache, and others, 1951) is slightly more than 1.3, and
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only those samples highest in phosphate, (the pebble fraction of the
light phosphate of the Bone Valley, the concentrate fractions of the
Bone Valley and middle Miocene(?) approach this theoretical ratio. All
of the other samples contain an excess of calcium,

The fluorine/%hosphate ratio is less than 0.l only in the samples
of the aluminﬁm.phosphate zone, is about the same for all of the samples
of the calcium phesphate zone, and is slightly higher in the samples
from the Hawthorn limestone., Fluorapatite has a theoretical ratio slightly
in excess of 0.10. The pebble fraction of the light phosphate of the
Bone Valley formation approaches this theoretical ratio most closely;
it is also these samples that are closest to the theoretical calcium/

phosphate ratio for fluorapatite.
WEATHERING

Intense weathering has altered the rocks in the land-pebble
district, apparently several times. Lack of fossils and the similarity
of the rock types make it difficult to separate the different weathering
cycles, The unconformable relations between the Bone Valley and the
Hawthorn formations cannot be demonstrated from the drilling, but these
relationships have been noted in mining pits where basal phosphorite
conglomerates of the Bone Valley rest directly on the irregular, eroded
surface of limestone or dolomite of the Hawthorn formation. It seems
likely that a period of weathering followed the deposition of the Hawthorn.
This weathering dissclved the calcium carbonate, leaving behind a residuum

enriched in phesphate particles. The transgressing sea of the Bone Valley
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reworked this residuum and deposited the Bone Valley formation on the ‘\
irregular karst topography of the Hawthorn. It has been noted that the
limestone of the Hawthorn has been dolomitized close to the surface. That
this dolomitization took place after the deposition of the Bone Valley
formation is indicated by the fact that the phosphate particles of the
Bone Valley, many of which are phosphatized limestone, contain no
magnesium; complete analyses show that phosphate particles average less
than 0.1 percent MgO, whereas the Hawthorn "limestone" may contain 20
percent Mgo or more. Weathered sections of the Hawthorn (thé thicker
sections of calcareous bedclay) are close to and apparently related to
the present land surface. Deeper beds in the Hawthorn are fresh, un-
weathered rocks. Therefore, it is believed that the residuum formed
on the Hawthorn surface prior to the deposition of the Bone Valley ‘\
formation may have been entirely reworked into the Bone Valley.

The intense weathering that formed the aluminum phosphate or
leached zone took place after the deposition of the Bone Valley. This
zone of alteration underlies and is older than the surficial soil
profile, a ground-water podzol, typified by the acid Leon soil, (Fowler,
1927, p. 11). Figure 7 illustrates the typical soil profile--loose light
gray surficial sand, overlying a dark-brownto black iron-cemented and
organic sand. Below this layer the sands are loose and stained brown
with iron.

The alteration is generally confined to the upper part of the Bone
Valley formation and to the top of the lower part, although there is
some aluminum phosphate as low in the stratigraphic section as the

Hawthorn formation, (line 1, fig. 2); and even the Tampa (line 17, fig. 18). '\
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The alteration changed calcium phosphate minerals to aluminum
phosphate minerals, and the dominant clay mineral from montmorillonite to
kaoclinite., It is possible that in addition this period of weathering also
altered the limestone of the Hawthorn to a dolomite and, by continued
leaching, changed the limestone to calcareous clay.

The formation of the surficial soil profile is the last episode of
the weathering and presumably occurred during one or more of the Pleistocene
withdrawals of the sea,

ECONOMIC GEOLOGY

Two zones of economic significance are shown on the cross-sections
(fig. 2-19). These zones are the calcium-phosphate zone or "matrix," and
the aluminum-phosphate or "leached" zone. Neither term is used in a
stratigraphic sense; both units cut across the stratigraphy. (See fig. 11,
holes 11, 12, 13.)

Calcium-phosphate zone

The calcium-phosphate zone is that part of the stratigraphic section,
which is characterized by nodules or particles of carbonate-fluorapatite
(Altschuler and Cisney, 1952). This zone i. nearly synonymous with the
"matrix," which is that part of the section which can be mined profitably
under existing economic conditions. The calcium~phosphate zone may be
entirely within the lower zone of the Bone Valley formation, or it may be
entirely the residual Hawthorn (the calcareous "bedelay") or a combination
of the twc,

Many of the drill holes bottomed in formations olde~ than thé
Hawthorn. In many of the holes, sections of core from the Hawthorn
contained phosphate nodules. These sections of phosphate-bearing
Hawthorn are not included in the calcium-phosphate zone when they are

separated from the lower phosphatic unit of the Bone Valley formation
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by barren clays or sandy clays. The phosphate-bearing calcareous clay
of the Hawthorn formation is considered a part of the calcium-phosphate
zone only when it immediately underlies the Bone Valley formation and
is close enough to the surface to be mined. The calcium-phosphate zone
as used in this report is not synonymous with "matrix" because some of
the factors necessary for deciding whether a given drill hole contains
economic phosphate could not be computed. Factors that must be
considered in separating economic from ﬂon—economic phosphate are:
(1) thickness of waste material (overburden) above the zone (computed
in cubic yards of material removed to recover one ton of product), (2)
amount of recoverable phosphate (computed in tons per acre), (3) amount
of waste material in the phosphatic zone (computed in cubic yards of
matrix per ton of product), (4) PZOS content of the phosphate particles
(computed as percent bone phosphate of lime-BPL), (5) thickness of the
zone in feet, and (6) total combined iron and alumina in percent., If
any of these factors are above the maximum allowable limit or below a
given minimum limit, the deposit is probably not minable. Because each
active company in the district has slightly different standards for
each factor, the figures given in table 2 are approximate.

Table 2,--Economic factors, calcium-phosphate zone

Maximum Minimum

Cubic yards overburden per ton of recoverable product 15-20

Cubic yards matrix per ton of recoverable product 57
Thickness (in feet) of matrix bed 3.0
Tons per acre fgot of recoverable product 400
Percent B.P.L. (percentPéO x 2,185) 66.0
Percent combined iron and~alumina (1&A) 5.0

_/ B.P.L. =bone phosphate of lime.
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These factors are not absolute. For example, a deposit containing
only 66 percent BPL phosphate must have a smalle; factor of cubic yards
per ton and a greater factor of tons of product per acre than a deposit
containing 75 percent BPL. In addition, a single drill hole might
contain some factors,that were not economicj but, if located in an area
containing better than average material, it would be mined if the
average of the larger area was economic. To block out a deposit 16
holes per 4O acres are drilled, or one hole in each two and one-half
acre block. The area of a standard drill hole is about one-millionth
of the area of the 2-1/2 acre block. Thus, the accuracy of tonnage and
grade estimates for this drilling is extremely low, and tonnage and
grade figures are not projected but are given only in tons per acre, or

cubic yards per acre.

Aluminum-phosphate zone

The aluminum phosphate zone is that part of the section that has
been strongly altered by acid ground waters. The zone is characterized
by the presence of aluminum phosphate minerals, kaolinite, and generally
by the highest uranium content as indicated by the high peaks on the
gamma-ray logs. The alteration is generally confined to the upper part
of the Bone Valley formation and the top of the lower part, although
aluminum phosphate minerals were developed as low as the Hawthorn
(fig. 2) or the Tampa (fig. 18). The zone can be identified by some or
all of the following features: vesicular-like texture, secondary cements,

white color, low specific gravity, and indurated or friable character.
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Factors concerned in the economics of the aluminum-phosphate zone
are more uncertain than those for the calcium-phosphate zone because
so little is known as to the possible processes that may be used to
recover the various materials in the zone., For example, any one or
combination of three products, phosphate, alumina and uranium might be
obtained from this zone. For purposes of this report, it is assumed
that phosphate and uranium will be recovered, and that alumina will not
be a product. The lines of possible economic correlation on the cross-
sections are drawn on this assumption., If alumina should be recovered
as a third product, some of the upper clayey sands that have been
excluded from the aluminum-phosphate zone on the cross-sections may
become economic. However, because these clayey sands are low in uranium,
they were not analyzed for phosphate or alumina. Therefore, it is not f
possible to say whether they contain enough alumina or phosphate to be
economic,

If the above assumptions are correct, the factors that affect the
economics of the aluminum-phosphate zone are: (1) thickness of the
waste material above the zone, (2) thickness of the zone, (3) phosphate
and uranium content of the zone in percent, (4) Ca0 and A1203 content
of the zone in percent, and (5) whether economic calcium-phosphate zone
underlies the aluminum-phosphate zone. At present, all mining of the
zone must be integrated with the mining plans of the active companies
for the phosphate matrix. As indicated on figure 1, fringe areas to
the west and northwest of the central part of the land-pebble district

are underlain by aluminum-phosphate zone; which is not underlain by matrix.

¢
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An absolute figure for excessive overburden thickness cannot be
given. However, because the digging depth of the largest draglines
is about 70 feet, more than about 30 feet of waste material overlying
the zone would be excessive.

The cutoff value of contained P205 has been arbitrarily placed at
5 percent, principally because large areas contain aluminum-phosphate

zone with more than 5 percent P,0., and other large areas are underlain

2%
by clayey sands which contain less than 5 percent P205.

A lower limit of 0,005 percent uranium has been chosen because

- most of the samples which were above this value had high contents of

uranium in the slime fraction (in which the’aluminum—phosphaté minerals
are concentrated). The uranium content of the slime fraction tends to
be greater than 0.010 percent in samples where the head assays range
from 0.005 to 0.010 percent U. Conversely, in samples where the head
assay is less than 0.005 percent uranium, the slime fractions tend to
be less than 0,005 percent.

Little is known about the effect of high or low Ca0 content, but
processing costs possibly could rise with high calcium.

If the final product is to be a fertiligzer, a high alumina content
could be somewhat less desirable than a lower comtent, but it is not

possible to evaluate the effect of varying alumina content.

General relations

The index map, figure one, shows the location of the drill holes,
the limits of the calcium phosphate zone, and the limits of the aluminum

phosphate zone. The limits of the phosphate zones are based only on the
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115 drill holes shown. Figure 1 shows that to the northwest the aluminum
phosphate zone extends beyond the limits of the calcium phosphate zone
(see lines 1, 2, 3, 4, 17, and 18), and that the aluminum phosphate zone
apparently extends farther to the south, in Harde: and Manatee Counties
than was previously known. This extension is based on lines 9 and 10,
and because of limited data it is possible that only patches of aluminum
phosphate zone are present in this area. East and south the calcium
phosphate zone extends beyond the limits of the aluminum phosphate zone.
The difference in position of the two lines may be explained by the facts
that 1) in the northwest phosphate deposits were thinnest, the entire
calcium phosphate zone apparently was leached, so that only remnants of
it remain, and 2) where the Bone Valley formation was thicker to the
south, only the top part of the formation was leached, and hence both ‘\
zones are still present. Still farther to the south, in Hardee and t
Manatee Counties, the formation may not have been exposed to subaerial
weathering, and no aluminum phosphate zone was formed. (See discussion
.of lines 7, 8, and particularly, 9,) The limit of the aluminum phosphate
zone on the east coincides approximately with the present topographic
ridge to the east of the Peace River. The land east of the ridge, which
is lower in elevation than the land to the west, also probably was not
exposed to subaerial weathering. The present limit is the result of a
combination of two factors: (1) erosion after the zone was formed, and
(2) the possibility that somewhere to the east the phosphatic sediments

were not exposed to weathering.
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SUGGESTIONS FOR EXPLORATION

The area east of R. 26 E., even though there may be some
leached material present, is deeply buried by barren sands of the
overburden and is not a good area for exploration. The most
promising areas for exploration, based on the results of this drilling
program, are first, the area: to the northwest in Hillsborough and
Pésco Counties, where the aluminum phosphate zone is not underlain
by econcmic matrix, and second, the area to the south, in Hardee and
Manatee Counties, where extensive deposits may be present. This
latter area has not been extensively explored by the private companies
because of the low grade of the phosphate nodules in the matrix. It
is most probable that the area is not entirely underlain by aluminum
phosphate zone, but in some localities, particularly adjacent to the
Peace River, aluminum phosphate zone material may be present. Results
of scattered drilling west of the Peace River, in Hardee and Manatee
Counties, indicate that patches of the aluminum phosphate zone are
present. This area should be explored further if it becomes necessary
to outline reserves of the aluminum phosphate zone more fully. The
remainder of the district, in Polk and Hillsborough Counties, probably
has been well-enough explored by private companies at least for pre-

liminary estimates of tonnage and grade.
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DISCUSSION AND EXPLORATION OF FIGURES

General

Table 3 is a summary of the lithologic characteristics used in
stratigraphic correlation. The table shows, for example, that the
clastics of the Hawthorn formation are loose sands, clayey sands,
calcareous clays, or green or blue sandy or silty clays; all contair
phosphate particles, low in P205 content. The clastics of the Hawthorn
contain more phosphate particles and fewer chert fragments than the Tampa
clastics. The criteria as shown on the table are not invariable but are
in general characteristic of the formations. For example, chert
fragments do not always occur in the clastics of the Tampa formation,
and occasional chert fragments or silicified fossil fragments are found
in the Hawthorn formation. However, chert fragments in a calcareous clay

overlying fossiliferous Suwannee limestone (fig. 2) were considered

enough evidence to classify this material as Tampa.

Line 1, figure 2

Stratigraphy

Suwannee .- -Fossils from the bottom of hole 4 were identified as
Oligocene in age. Hole 5 was bottomed in a very hard bed, probably
siliceous limestone, that is correlated with the Suwannee limestone
of hole 4.

Tampa.-- Fossils from the bottom of hole 3 were identified as early
Miocene in age. In addition, the sandy calcareous clay from sample 13
(table 4) contained no phosphate particles and is included in the Tampa.,

The limestones in holes 1 and 2 are lithologically identical with that in

¢
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hole 3; they are correlated on this basis. In holes 1, 2, and 4, the
calcareous clay above the limestones contains chert fragments, limestone
fragments, and very sparse phosphate nodules; this material is tentatively
called Tampa.

Hawthorn.--Greenish silty clays, calcareous clays and sands, all of

-which contain phosphate nodules, overlie the sandy clays of the Tampa

formation in holes 1, 2, and 3. These materials are tentatively correlated
with the Hawthorn formation. The contact between the Hawthorn and the

Bone Valley is marked in holes 1, 2, and 3 by a green silty clay under-
lain by a bed of quartz sand containing amber phosphate nodules. The
Hawthorn formation pinches out to the north; apparently it is not
represented in holes 4 and 5.

Bone Valley.--Slightly clayey sands overlie the greenish clay of
the Hawthorn formation in holes 1 and 3, the calcareous clay of the
Tampa formation in hole 4, and the hard material on which hole 5 was
bottomed. Phosphate sand is between the clayey sand and the green clay
of the Hawthorn formation in hole 2. The clayey sand and the phosphate
sand are believed to be Pliocene in age and equivalent to the Bone
Valley formation.

Terrace sands.--White, loose, quartz sands overlie the iron-stained

clayey sands in each drill hole. These surficial sands are lithologically

alike and are believed to be of Pleistocene age.
Economic geology

The calcium phosphate zone was cut only by hole 2, where it is
thin, low grade, low in tonnage (table L), and not economic. Small

amounts of phosphate nodules, low in P205 content were found in samples
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of the Hawthorn formation from holes 1 and 3; because of excessive
depth, low tonnage, and low grade, these samples are not included in
the calcium phosphate zone.

The aluminum phosphate zone was penetrated by holes 1, 2, 3, and
L; tonnages and uranium contents are given in table 5. The thick section
of clayey sand in hole 5 probably contains some alumirmum phosphate
minerals, but the content is toé low for the sand to be an economic
source of phosphate and uranium.

A1l of the analytical data and results of screen-size analysis

are shown in table 4.

Line 2, figure 3

Stratigraphy

Suwannee.--Fossils from the limestone of hole 4 were identified
as Oligocene in age. The hard material at the bottom of hole 3 is
tentatively correlated with the Suwannee because fossils of early
Miocene age were found above the hard material. The Suwannee was
probably not intersected in drill holes 1 and 2.

Tampa .~-Casts and molds of fossils identified as lower Miocene in
age were found in a thin bed of siliceous material cut by hole 3.
Although it is possible these fossils are reworked, the lithology of
the material in which they are found is similar to the lithology of

the core from hole 4 that overlies the Suwannee.
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Hawthorn.-—=The greenish silty clays, sandy clays, and clayey sands,
all of which contain phosphate grains, are lithologically similar to the
Hawthorn. These materials overlie material lithologically 1like the
Tampa in holes 1, 3, and 4. The Hawthorn is thickest at hole 1 and
is a little thinner to the northwest,

Bone Valley.--The Bone Valley formation is thickest at hole 1,
and thins to the northwest to hole 4, except that at hole 2, in the
sink hole, the formation thickens, and the base was not reached. The
calcium phosphate zone is present at holes 2 and 3, is absent at hole 4,
and may be present at hole 1, in the section of core that was not
recovered.,

White, gray or brown (iron-stained) clayey sands form the upper
part of the Bone Valley formation at holes 1, 2, and 3. At hole 4 the
entire Pliocene(?) is clayey sand, lithologically similar to the clayey
sand of holes 1, 2, and 3.

Terrace sands.--The base of the Pleistocene(?) at hole 1 is put

at the base of the highly organic sand. The great thickening of the
section at hole 2 is due to the filling of a sink hole. The base of
the Pleistocene(?) at holes 3 and 4 is the contact of the loose, surficial

sands with the clayey sands of the upper part of the Pliocene(?).

Economic geology

Although the calcium phosphate zone is present at holes 1, 2, 3,
and 4, no economic material is present., Samples 21 and 22 (tables 6

and 7) from hole 1 contain calcium phosphate nodules, but they are low
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in grade, low in tonnage,‘and are covered by too great a thickness
of barren material (overburden) to be economic; therefore, this material
is not considered a part of the calcium phosphate zone.

The aluminum phosphate zone, a part of the clayey sand of the upper
part of the Pliocene(?) Bone Valley formation or its equivalents, varies
in its position in the section. ;p forms the bottom part of the clayey
sands at holes 1 and 2, the upper part the clayey sand at hole 3, and at
hole 4 the entire zone of clayey sand is possibly aluminum phosphate zong.
The highest gamma-ray peak (2700 counts per minute--cpm) in the aluminum
phosphate zone is in hole 1. In hole 2 the high peak is greater than
1800 cpm, in hole 3 it is less than 1800 cpm, and in hole 4, the high
peak barely reaches 900 cpm. Thus, there seems to be a decrease to the
northwest and toward the fringe of the district in the concentration of

uranium,
Line figure
Stratigraphy

Tampa.-- Early Miocene fossils were found in limestone fragments in
sandy clay in the bottom of hole 2. Lithologically similar material
from holes 1, 3, 4, and 5 is considered a part of the Tampa. No fossils
were found in the limestone cores from holes 1, 3, 4, and 5, but these
limestones are lithologically like the Tampa limestone and are tentatively
correlated with the Tampa.

Hawthorn.--Greenish sandy clays and clays, in part containing
nodules of calcium phosphate are tentatively correlated with the

Hawthorn. The contact of the Hawthorn with the underlying Tampa at
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hole 2 is the base of these phosphate bearing clays, with the somewhat
different sandy clays which contain fossils. The Hawthorn formation
thins to the west.
Bone Valley.--The Bone Valley formation at hole 1 consists of an

upper zone of clayey sand, with traces of soft white phosphate nodules,

" and a lower phosphorite zome. The lower zone contains abundant coarse

phosphate, At holes 2, 3, 4, and 5, the lower zone is not present, and
the Bone Valley is represented by white or tan clayey sand, probably con-
taining some aluminum phosphate minerals. The clayey sand is lithologically
similar in all holes.

The top of the Bone Valley at hole 3 is marked by a gray clay bed.
This clay is not like any other clay in the cross-~section.

Terrace sands.--Loose, gray, tan or white quartz sands overlie

the clayey sands of the upper Bone Valley(?) in all drill holes. These

sands are tentatively classed as Pleistocene.
Economic geology

The calcium phosphate zone was penetrated only by hole 1, where it
is thin, but very high in BPL.content. (See tables 8 and 9,) The
analyzed'material from hole 4, (sample 35) is high enough in BPL content
to be a part of the caleium phosphate zone, but tonnages are very lowj
therefore, itis not included in the cdlcium phosphate zone. Thevphosphate
bearing material from hole 3 was not analyzed; visual inspection of the
core indicated that only uneconomic amounts of phosphate were present.

The aluminum phosphate zone, at holes 1 and 2, at the top of the
section of clayey sand, was delineated by analysis and by the high radio-

activity shown on the gamma-ray logs. The clayey sands of holes 3, 4,

and 5, analyzed only from hole 4, are too low in uranium content and
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probably in phosphate content to be economic, although aluminum phosphate
minerals are probably present. The material, therefore, is not included

in the aluminum phosphate zone.

Line 4, figure 5
Stratigraphy

Tampa.--Fossils from the limestone cores at the bottom of holes 1
and 3 were identified as early Miocene in age, A zone of iron-stained
and cemented, laminated sandy clays at hole 1 occurs above the limestone.
The lithology of this material does not resemble anythiﬁg in the Hawthorn
and is very tentatively correlated with the Tampa.

Hawthorn.--The limestone at the bottom of hole 2 contained fossils
identified as probably middle Miocene. The greenish sandy clay above the
Tampa at hole 1, plus the phosphate~bearing sandy clay of sample 41 are |
tentatively correlated with the Hawthorn. The phosphate-bearing calcareous
clay from hole 1 together with the calcareous clay above it are put into
the Hawthorn.

Bone Valley.-~Lower Bone Valley was penetrated by holes 1, 2, and 3,
At hole 1, the contact of the Bone Valley with the Hawthorn is at the top
of the sandy clay of sample 41, which contains lower P205 content nodules
than the clayey sand of sample 40 (téble 10). The lower unit of the Bone

Valley rests on Hawthorn limestone at hole 2. The contact between the
units is sharp; the phosphorite above the contact is bedded and non-
calcareous. At hole 3, the lower unit of the Bone Valley rests on greenish
calcareous sandy clay of the Hawthorn. The upper clayey sand of the Bone
Valley is present at holes 1 and 2, but is absent at hole 3, where highly

carbonaceous sands rest directly on the lower unit of the Bone Valley.

AN
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Terrace sands.--The loose, slightly iron-stained and highly organic

sands at the surface are tentatively correlated with the Pleistocene.
Economic geology

Possibly economic calcium phosphate zone was penetrated by all
drill holes in this line (table II). The calcium phosphate zone at
holes 1 and 3 is made up of the lower unit of the Bone Valley formation
and the phosphate-bearing beds of the Hawthorn formation. However, the
entire calcium phosphate zone at hole 2 represented by the lower unit of
the Bone Valley formation.

Possibly economic aluminum phosphate zone material was penetrated
only in hole 1, where it is delimited by the gamma-ray log. Hole 2
penetrated upper Bone Valley clayey sand, probably containing some
.aluminum phosphate minerals. This material is ﬁﬁt considered a part of
the aluminum phosphate zone because the gamma-ray log was not above back=-
ground in the interval represented by the clayey sand. Clayey sand of
the upper part of the Bone Valley formation was not penetrated by hole 3.
Tonnages and grades for the possibly economic parts of the cores are

given in table 11,

Line 5, figure 6

Stratigraphy

Hawthorn.--Phosphate-bearing sandy, clayey limestone at the bottom
of holes 3 and 4 is correlated with the Hawthorn. Although no limestone
was recovered in holes 1 and 2, the holes were bottomed on hard material

which is assumed to be limestone of the Hawthorn. Calcareous, sandy,

phosphatic clays overlying the limestone at hole 3, and similar clays
in holes 1 and 2 are tentatively correlated with the Hawthorn.
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Bone Valley.—The lower zone of the Bone Valley formation was
penetrated in holes 1, 2, and 3. The contact with the underlying
Hawthorn is put at the top of the calcareous clays. Clayey sands of
the upper part of the Bone Valley formation are present in all drill
holes. The contact of the upper unit with the lower unit is placed
at the appearance of calcium phosphate nodules.

Terrace sands.--Loose quartz sands, tentatively assigned to the

Pleistocene were cut by each drill hole. The contact with the upper
Bone Valley formation is placed at the base of the iron-stained loose

sand.
Economic geology

The calcium phosphate zone is present at holes 1, 2, and 3 (tables
12 and 13). At holes 2 and 3 the zone includes phosphate deposits of
both the lower Bone Valley and the Hawthorn formation. The basal
calcareous clay at hole 1 was excluded from the calcium phosphate zone
because of probable very low tonnages. The analyzed material from
hole 4, although it is not too different in phosphate content from the
material in other drill holes, is excluded from the calcium phosphate
zone because it is in a limestone which would be very difficult to mine
and process.

The aluminum phosphate zone is present at holes 2 and 4. The zone
was delimited by the use of the gamma-ray logs. The material of sample
42, hole 1 contains aluminum phosphate minerals but was excluded from
the aluminum phosphate zone because the computed head analysis would be

too low in phosphate and uranium contact. (See tables 12 and 13.)
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Line 6, figure 7

Stratigraphy

Hawthorn.--Limestone was penetrated only by hole 3. The limestone
contains abundant phosphate particles, sand, and clay and is therefore con-
sidered to be a part of the Hawthorn formation. The remaining holes in this
line bottomed on a hard material from which no core was recovered. This
material is tentatively considered to be limestone of the Hawthorn
formation. The calcareous, sandy, phosphate bearing clays at the bottom
of each hole are considered to be Hawthorn. Except at hole 5, the
phosphate particles in these calcareous clays contain very low amounts
of P205.

Bone Valley.~-The lower phosphorite zone of the Bone Valley is
present at holes 1, 2, and 3, but is absent from holes 4 and 5. The
contact of the Bone Valley with the Hawthorn in these holes is placed
at the top of the calcareous clay. In addition, the phosphate particles
of the Bone Valley contain much higher amounts of P2O5 than the phosphate
particles in the calcareous clay of the Hawthorn (table 14). The upper
clayey sand of the Bone Valley formation is present at all drill holes,
This unit contains trace amounts of apparently unleached phosphate
particles at holes 3 and 4. The material is leached at holes 1 and 2
where aluminum phosphate minerals are present.

Terrace sands.--The loose surficial sands show evidence of a typical

Leon soil profile. At holes 2, 3, 4, and 5, the loose, white surficial
sands are underlain by iron-stained and organic sands, which are under-

lain by brown and tan loose sands. The contact of the Pleistocene(?)
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with the Bone Valley formation is placed at the top of the clayey sands
where the iron-staining becomes insignificant. At hole 5 the contact
is placed in the middle of the section of core that was not recovered,
at the point where there is a slight rise in the gamma-ray log. This

rise probably coincides with an increase in clay content.
Economic geology

The calcium phosphate zone was penetrated by holes 1, 2, and 3,
where it is entirely within the lower unit of the Bone Valley formation.
Analyzed material below the calcium phosphate zone, in the Hawthorn
formation contains too little P205 to be economic; this material is
therefore not considered a part of the calcium phosphate zone. (See
tables 14 and 15,) Phosphate~bearing calcareous clay of the Hawthorn
formation in holes 4 and 5 is excluded from the calcium phosphate zone
because of excessive thicknesses of overburden and too little tonnage
of phosphate.

The aluminum phosphate zone is present at holes 1, 2, and possibly
at hole 3. The top contact in each of these holes is placed at the riée
in the gamma-ray log; the basal comtact, at the appearance of calcium .
phosphate particles: At hole 3, the material called aluminum phosphate

zone because of the rise in the gamma-ray log contains phosphate nodules,

and may be calcium phosphate zone.



58

Line 7, figure 8

Stratigraphy

Hawthorn.--Limestone core was recovered only from hole 4; all
other holes bottomed in hard material, presumed to be limestone of
the Hawthorn. Sandy, clayey, phosphate=bearing, calcareous clays at
the bottom of all holes are tentatively correlated with the Hawthorn.

Bone Valley.--The lower, phosphorite zone of the Bone Valley formation
was penetrated by all drill holes. The contact of the Bone Valley with
the Hawthorn is the top of the calcareous clays. P205 contents of the
phosphate nodules are higher above this contact than below it. (See
table 16.) The upper clayey sands of the Bone Valley formation were
also penetrated by all drill holes in this line.

»
Terrace sands.--Loose, white, surficial sand is underlain by iron-

stained, cemented, and highly organic sand, which is in turn underlain
by brown, logse sand, These sands probably form a soil profile, and

are tentatively assigned to the Pleistocene. The contact of the
Pleistocene(?) with the underlying Bone Valley is at the top of the
clayey sand. This contact generally coincides with a rise in the radio-

activity, as shown by the gamma-ray logs.

. Economic geology

The calcium phosphate zone was penetrated by all drill holes;
however, stratigriphically this zone is made up of Bone Valley, Hawthorn,
or both, in this seetion. The zone is composed of both Hawthorn and

Bone Valley at holes 1, 2, 3, and 4. The entire calcium phosphate zone

at hole 5 is represented by the lower unit of the Bone Valley formation.

(See tables 16 and 17.)
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The aluminum phosphate zone is present only at holes 1, 2, and 3
where it is delimited by the high peaks on the gamma-ray logs. The
high peak at hole ) is apparently entirely within the calcium pgosphate
zone, and radioactivity as shown by the gamma-ray log at hole 5 is only
about twice background; too low for the clayey sand to be considered

possibly economic.

Line 8, figure9

Stratigraphy

Hawthorn.--Although no limestone cores were recovered from any of
the drill holes, each hole bottomed on hard material, presumed to be
limestone, probably of the Hawthorn formation. The greenish, calcareous,
sandy clays and clayey sands at the bottom of holes 1, 2, and 4, are
tentatively “correlated with the Hawthorn, because of tﬁeir high phosphate
content, color, and general appearance. At hole 3, phosphorite of the
Bone Valley(?) formation rests directly on the hard material.

Bone Valley.--The lower, phosphorite zone of the Bone Valley is
present at all drill holes. The material consists of quartz sand, and
coarse black phosphate particles, with only a small amount of clay. The
screen analyses in table 18 show that the clay content of the Bone Valley
is less than the clay content of material correlated with the Hawthorn.
The upper clayey sands of the Bone Valley formation were penetrated by
holes 1 and 3, and are absent at holes 2 and 4. The upper contact of the
Jower unit of the Bone Valley is put at the rise in the gamma-ray log.

Terrace sands.-- Loose quartz sands at the surface, iron-stained or

cemented sands, and highly organic sandy clays are all tentatively correlated
with the Pleistocene. Organic sands are close to the surface at holes 1

and 4, but at holes 2 and 3, a very highly organic sandy clay is at the base
of the Pleistocene(?).
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Economic geology

The calcium phosphate zone was penetrated by all drill holes.
The coarse fraction (pebble) is invariably too low in P205 content
to be économic, but the concentrate fraction is, in most of the samples,
high enough in phosphate content to be considered economic. Material
from béth the Bone Valley and Hawthorn has been included in the calcium
phosphate zone, except at hole 3, where a thin gravel probably representing
the base of the Bone Valley rests on hard material that was not recovered.
Tables 18 and 19 show that generally, the phosphate particles in the
Hawthorn are somewhat lower in P205 content than are the particles in
the Bone Valley.

The aluminum phosphate zone is not present in this cross-section.
Clayey sands of the upper Bone Valley(?) are present only at holes 1
and 3, and gamma-ray logs indicate these clayey sands contain no
abnormal radiocactivity. At holes 2 and 4, sands of the Pleistocene(?)

rest on the lower, phosphorite zone of the Bone Valley.

Line 9, figure 10

Stratigraphy

Hawthorn.--Limestone, lithologically similar to the Hawthorn,
was recovered only from hole 12; the remaining holes in this line
bottomed on hard material which is presumed to be limestone of the
Hawthorn formation. Greenish, calcareous, clayey sands, containing
phosphate nodules, were cored in each drill hole and vary in thickness

from less than 2.0 feet in holes 1, 2, and 6, to a maximum of about 30
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feet in hole 9, These calcareous sands are tentatively correlated
with the Hawthorn. Phosphate nodules in the calcareous sands contain
lower amounts of P2O5 than the phosphate nodules in the non-calcareous
sands above them. (See table 20.)

Bone Valley.-- The lower, phosphorite unit of the Bone Valley
. formation was penetrated by each drill hole. The unit is a quartz
sand, with a high percentage of dominantly black phosphate nodules.
The upper clayey sand unit of the Bone Valley formation was also present
at each drill hole, except for hole 6, where loose, white sands overlie
the lower unit. At the south end of the line, in holes 10, 11, and 12,
the upper unit contains traces of fresh appearing, black phosphate
nodules; these nodules are not present in the upper zone in holes 1-9.
This may indicated that the clayey sand in the south and of this cross-
section was not leached.

Terrace sands.--Loose, white quartz sands, iron-stained in holes

2, 3, 8, 9, 10, 11, and 12, are tentatively correlated with the

Pleistocene.

Economic geology

The calcium phosphate zone was penetrated by each drill hole in
line 9. The zone ranges in thickness from about 8 feet at hole 11,
to 41 feet at hole 9, and includes phosphate from both the Bone Valley
and Hawthorn formations. (See tables 20 and 21.) Phosphate from the
Bone Valley was penetrated by every hole, but the calcareous clayey

sands of the Hawthorn were not included in the calcium phosphate zone
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in holes 2, 7, 8, and 10, because of the low content of P205 in the
phosphate nodules. Tables 20 and 21 show the variation in phosphate
content of the nodules in the Bone Valley and Hawthorn, and in addition
show that the Hawthorn contains a higher percentage of concentrate
fraction than does the Bone Valley. The ratio of pebble to concentrate
fraction in the Bone Valley formation is always more than one; while
in the Hawthorn the ratio is lower, and in most cases is less than one.
In general, the phosphate content of the nodules is highest at the north
end of the section, decreases to the south, to hole 11, where there is
a rise in phosphate content, The reasons for this variation are not
immediately apparent.

The aluminum phosphate zone is present at holes 1 through 9,
except for hole 6, where no clayey sand is present, and loose sands of
the Pleistocene(?) are in contact with the lower unit of the Bone
Valley formation, This may represent an old stream channel, where the
clayey sand of the upper Bone Valley was removed by erosion. At holes 10, 11,
and 12, the upper clayey sand unit of the Bone Valley contains small to
trace amounts of apparently unleached phosphate nodules; no aluminum
phosphate minerals are present in the clayey sands. In the area of
these holes, the Bone Valley formation apparently was not subjected to
weathering. No samples of the aluminum phosphate zone were analyzed,
the zone is delimited entirely by the gamma-ray logs; the upper contact
is placed at the sharp rise in radioactivity (fig. 10). The lower
contact of the zone is put at the point where phosphate nodules become
abundant and high in P,0, content, as shown by analyses. (SeetablgsZOand.Zl.y

The zone is thickest at hole 1, gradually decreases in thickness to hole 6,
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and then increases again in Pole 7. The zone is more or less constant
in thickness from hole 7 through hole 9, and is absent from holes 10

through 12,

Line 10, figure 11

Stratigraphy

Hawthorn.--The limestone cored at most drill holes but containing
identifiable fossils only at hole 8, is classed as Hawthorn becausé of
its high phosphate content and abundant sand and clay impurities. The
light green calcareous clayey sand or sandy clay containing a high
percentage of fine-grained typically amber or black phosphate nodules is
tentatively correlated with the Hawthornm. The calcareous sandy clay
is present at holes 1 through 12, but is absent at holes 13-16, where
the only material aésigned to the Hawthorn is the basal limestone.

Hawthorn(?), unnamed member.--Fossils from limestone in hole 14
were classed as late Miocene(?). (See fossil list, page 28.) A dark
olive green to gray calcareous clayey micaceous sand in holes 12, 13,
15, and 16, is lithologically similar to fossiliferous middle Miocene(?)
sand in line 12, hole 6 and line 15, hole 6. Thus this sand is tenta-
tively correlated with the middle Miocene(?). This sand is not litho-
logically like any other material in line 10. The material also contains
shell fragments, which were not identifiable.

Bone Valley.--The lower phosphate-bearing unit was penetrated by
drill holes 1-14. It is a clayey sand, non-calcareous and typically

contains white or gray phosphate particles which tend to be coarser in

XY
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size than the amber phosphate material of the Hawthorn. The upper

clayey sand unit of the Bone Valley was penetrated by all drill holes.

It thickens somewhat on the topographic highs (see holes 3 and 6, fig. 11)
and is somewhat thicker in the southern part of the section. The material
is white and slightly clayey and the quartz sand fraction tends to be
somewhat coarser than the material below or above it. The color of the
clay in the unit tends to become darker toward the south,

Terrace sands.-=-Loose quartz sands tentatively correlated with the

Pleistocene were penetrated by each drill hole. Organic material below
the loose sand was also, and rather arbitrarily placed in the Pleistocene,

as was done in other lines of drill holes.
Economic geology

The calcium phosphate zone was penetrated by drill holes 1 through
14. (See tables 22 and 23.) The zone is made up of both Bone Valley
and Hawthorn in roughly equal amounts at holes 1 through 10. However,
at hole 11, the calcareous clay of the Hawthorn makes up the entire
calcium phosphate zone; at hole 12, only the top part of the calcareous
clay contains enough phosphate of high enough grade to be possibly
economicy at holes 13 and 14, the entire calcium phosphate zone is within
the Bone Valley formation; and at holes 15 and 16, where the lower zone
of the Bone Valley formation, and calcareous clays of the Hawthorn form=-
ation were not penetrated, the phosphate-bearing material is assigned
to the Hawthorn(?), unnamed member, and it is much too low in tonnage

and percent BPL to be economic. This cross-section (fig. 11) is a good
example of the crossing of stratigraphic lines by the calcium phosphate

zone, particularly between holes 12 and 13,
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The aluminum phosphate zone was present at all holes in this line,
except for holes 13 and 15, where the clayey sand, as shown by the
gamma-ray logs, was not abnormally radiocactive. Samples of the
aluminum phosphate zone were taken from a few of the cores, but in
general, the zone is delimited, at the top, by the rise in the gamma-ray

log, and at the base, by the contact with the calcium phosphate zone.

Line 11, figure 12

Stratigraphy

Hawthorn.--Fossils from limestone cores at the bottom of holes 1,
5, and 6 were identified as middle Miocene in age. Limestone cored in
the other holes is lithologically similar to the fossiliferous materialﬁ_.. ‘
and is correlated with the Hawthorn. Greenish, calcareous sandy clays
containing phosphate nodules overlie the limestone at holes 1, 2, 7, and
8, and are tentatively correlated with the Hawthorn. The contact of the
Hawthorn with the Bone Valley formation is put at the top of the cal-
careous clays at holes 1 and 2, and at the top of the limestone at holes
3, 4, and 5.

Hawthorn(?), unnamed member.--Dark olive calcareous sandy clays

containing black phosphate nodules and mica flakes are lithologically
similar to the fossiliferous middle Miocene(?) in lines 12 and 15, and
are tentatively correlated with the upper Hawthorn(?). This material
is present at holes 6, 7, and 8.

¥
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Bone Valley.-- The lower, phosphorite unit of the Bone Valley

formation is present at holes 2, 3, 4, and 5. The lower unit over-
lies calcareous clay of the Hawthorn at holes 1, 2, and 3, and lime-
stone of the Hawthorn at holes 4 and 5. The lower unit is absent at
holes 1, 6, 7, and 8.

The upper unit of the Bone Valley formation was penetrated by all
drill holes. It is thinnest at hole 1, thickens markedly at hole 2,
and remains thick in the other holes of this line. The lower part of
the upper unit contains traces of phosphate nodules at holes 3, 5, 6,
7, and 8. The contact of the lower unit with the upper unit of the
Bone Vallex formation is put at the point beiow which the phosphate
content rises sharply.

’ Terrace sands.--Loose surficial iron-stained quartz sands, con-

taining organic material, are tentatively correlated with the Pleistocene.

These sands are present at all drill holes.
Economic geology

. The calcium phosphate zone is absent from holes 1 and 8; in the
remaining holes it represents different stratigraphic intervals. For
example, at holes 2, 4, and 5, the calcium phosphate zone is the lower
unit of the Bone Valley formation; at hole 3 it is both Bone Valley and
Hawthorn; and at holes 6 and 7 it is the lower part of the unnamed
member of the Hawthorn(?).

The zone is economic in holes 2 and 3, but because of low grade, is

questionably economic in holes 4 and 5. The zone is covered by thick
’ overburden at holes 6 and 7, and is also vg*;:g“lnw grade, particularly

in the pebble fraction (tables 24 and 25). For these reasons, the zone
is probably not economic at holes 6 and 7.
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The aluminum phosphate zone is present at holes 2, 3, and 4, but
is thin, and is high in the section of clayey sands of the upper unit
of the Bone Valley formation. It is, therefore, probably not economic
in these holes. The zone was delimited by the use of the gamma-ray logs
in all of these holes. The analyzed samples (table 24) are too low in
uranium content to be economic. The phosphate content of the slime
(D) fraction of samples 49, 52, and 54 is high, indicating the presence
of aluminum phosphate minerals., It is possible that the thick sections
of clayey sands in these drill holes could be economic for alumina,

phosphate and uranium, if the three product process is used.

Line 12, figure 13

Stratigraphy

Hawthorn.--Fossils, identified as middle Miocene in age, were
identified from limestone cores at holes 1 and 8, and from a conglomerate
at hole 6. Limestones cored at holes 2 and 3 are lithologically similar
to the Hawthorn, and holes 4 and 6 bottomed on hard material which is
presumed to be limestone of the Hawthorn. Green, calcareous, sandy clays;
containing abundant phosphate were intersected by holes 1, 2, 3, and 4,
and are tentatively correlated with the Hawthorn. The contact of the
Hawthorn with the lower unit of the Bone Valley at holes 1, 2, 3, and 4 is
placed at the top of the calcareous clay. The contact of the Hawthorn
with the unnamed upper member of the Hawthorn(?) is located on f;SSil
evidence at the top of the limestone at hole 8; at hole 6, it is put at
the contact of the fossiliferous conglomerate of fhe Hawthorn with the

olive green calcareous clayey sand.
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Hau;hgzn{?), upnamed member,--Fossils, identified as middle

Miocene(?) in age were found at hole 8 in an olive green slightly
calcareous clayey sand, containing flakes of mica, and low grade black
phosphate nodules, Lithologically similar material overlies the
conglomerate 'at hole 6; this material is tentatively correlated with
the middle Miocene(?). At hole 8, the upper contact of the fossiliferous
material is put at the contact of this material with a phosphate and
quartz sand whigh is in sharp contact with the calecareous clayey sand
beneaﬁh. Holes 1, 2, 3, and 4 did not intersect any material litho-
logically like the fossiliferous middle Miqcene(?). It is believed
that this material was not deposited on or to the west ridge on which
hole 4 was drilled.

Bone valley.--The lower, phosphate unit of the Bone Valley formation
was penetrated at holes 1, 2, 3, 4, and 8 where it is a sand or clayey
sand containing abundant white phosphate nodules. The nodules are
somewhat coarser than those in the underlying Hawthorn. The lowe: unit
apparently waslnot deposited at the location of hole 6. The upper clayey
sand unit of the Bone Valley formation was penetrated by all holes.

The unit thickens markedly to the east to the location of hole 6, then
thins somewhat at hole 8. The upper contact of the clayey sand unit

of the Bone Valley formation is placed at the base of the iron-stained
loose sand of the Pleistocene(?) at holes 2, 3, and 6, and at the base of
the loose sand at holes 1, 4, and 8.

Terrace sands.--Holes 1, 2, 6, and 8 penetrated only loose, or
slightly iron-stained quartz sands of probable Pleistocene age. At holes

3 and 4, however, the section is somewhat different. At these holes the
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section of core represented by samples 70 and 73 contained lumps and
fragments of aluminum phosphate cemented sand and fragments of calcium
phosphate. (See sample 73 A, table 26.) At both holes, this material is
underlain by thick sections of loose quartz sand. The material in these
samples appears to be reworked; it is therefore correlated with the
Pleistocene, rather than the Bone Valley., At hole 4, from a depth of
14.5 to 28.6 feet;, a red and white mottled clayey sand was cored. This
‘material is lithologically unlike anything else in the cross~section and
is higher than the collar elevations of the other drill holes. The
material is lithologically similar to material called Citronelle by
Cooke (1945, p. 230). It is correlated with the Pleistocene(?) in this
cross-section because of its elevation and position and because it is
underlain by loose sand, and the possible reworked aluminum phosphate

zone material of sample 73.
Economic geology

The calcium phosphate zone was penetrated by holes 1, 2, 3, and
L, and consists of both Bone Valley and Hawthorn phosphorites. The
phosphate nodules in cores from these holes are high in P205 content
(tables 26 and 27) and contain more concentrate than pebble, The
calcium phosphate zone is probably economic at holes 1, 2, and 3 but
because of its depth is probably not economic at hole 4. Calcium
phosphate nodules are present at holes 6 and 8, but are too deep, and
too low in tonnage and grade to be possibly economic; they are not

considered a part of the calcium phosphate zone.
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The aluminum phosphate zone was penetrated at holes 1, 2, and 3
where it includes the entire upper clayey sand unit of the Bone Valley
formation., Cores from holes 1 and 2 were sampled; the analytical data
are given in table 26. No sample was taken of the aluminum phosphate
zone at hole 3; the zone is delimited by the sharp radioactivity peak
shown by the gamma-ray log. (See fig, 13,) Although thick clayey
sands of the upper Bone Valley were penetrated at holes 4, 6, and 8,
the material was not above background radioactivity as indicated by
the gamma-ray logs. This material is not considered a part of the
aluminum phosphate zone. At holes 3 and /4, an upper zone of possibly
reworked aluminum phosphate material was penetrated. This material was
analyzed; analytical results are shown in tables 26 and 27. The material

(’ represented by sample 70 contains very high phosphate and uranium in the
slime fraction. It is possibly economic. The material of sample 73,
while lithologically similar is not as high grade; it is of questionéble

economic importance,

Line 13, figure 14

Stratigraphy

Hawthorn,.--The impure limestone cores from the bottom of holes 1,
2, and 5 contained fossils identified as middle Miocene in age. The
remainder of the drill holes bottomed in lithologically similar limestone,
tentatively correlated with the Hawthorn. Calcareous clays at holes 1

and 2 are tentatively assigned to the Hawthorn.
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Hawthorn(?), unnamed member.-~Dark olive-gray calcareous, micaceous

clayey sands and sandy clays, containing black phosphate particles; overlie
Hawthorn limestone at holes 3 to 8. These dark sands are litholegically
like material in hole 6 of line 12, which contained fossils of middle
Miocene(?) age. They are therefore tentatively assigned to the unnamed
member of the Hawthorn(?) formation.

Bone Valley,~-The lower phosphorite zone of the Bone Valley was
penetrated only at holes 1 and 2; it is apparently absent from the
locations of holes 3 to 8. The bottom contact of the Bone Valley at
holes 1 and 2 is placed at the top of the calcareous clay of the
Hawthorn. The upper clayey sand unit of the Bone Valley is divided
into a lower fine-grained clayey sand and an upper coarser clayey sand.
The clay fraction is very minor and is white. The contact of the upper
unit of the Bone Valley with the middle Miocene(?) is placed at the
top of the dark, olive, micaceous phosphate-bearing sand at holes 3 to 8.

Terrace deposits.--Loose surficial guartz sands are tentatively

correlated with the Pleistocene. 1In addition, a red and white mottled
clayey sand at holes 1 and 5, lithologically similar to the clayey sand
of hole 4, line 12, is considered a part of the Pleistocene(?). (See

discussion of line 12, page 87.)
Economic geology

The calcium phosphate zone was penetrated by all drill holes in
this line; except for hole 8. The zone includes both Hawthorn and
Bone Valley at holes 1 and 2 (tables 28 and 29). At holes 3 to 7, the

calcium phosphate zone is a part of the unnamed member of the Hawthorn(?).
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The zone is probably not economic at hoies 3 through 7 because of
excessive thickness of overburden, but it is high in P205 and in
tonnage. At hole 8, the zone contains too little phosphate of too
low grade to be economic; thus it is not considered a part of the
calcium phosphate zone at this location.

The aluminum phosphate zone, at holes 1 and 2 is a part of the
Bone Valley formation; at holes 3 and 4, it is a part of the unnamed
upper member of the Hawthorn(?). The zone is not present at holes 5
through 8. The zone was delimited by the high radioactivity of the
gamma-ray logs at holes 1 and 2; at holes 3 and 4, a sample representing
the high peak section of the gamma-ray log was split out from the core

and analyzed.
Line figure 1
Stratigraphy

Tampa.~—-Cores at the bottom of holes 7 and 8 contained fossils of
early Miocene age. Non-fossiliferous limestone cores at the bottom of
holes 3 and 4 were similar in lithology to the fossiliferous material;
this limestone is tentatively correlated with the Tampa.

Hawthorn.--Limestone cored at holes 1 and 2 is impure (sandy, clayey,
and containing phosphate nodules); it is lithologically similar to the
Hawthorn. Greenish, calcareous sandy clays with abundant phosphate
nodules at holes 1, 2, 4, 7, and 8 are tentatively correlated with the

Hawthorn.
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Hawthorn(?), unnamed member.-~-Olive green, calcareous, phosphate- ‘ '

bearing, micaceous clayey sand and sandy clay at the location of holes

3 to 8 are lithologically similar to the material of hole 6, line 15,

and are tentatively correlated with the middle Miocene(?). The material
is lower in elevation than the limestone of hole 2, and forms an eastward
thickening wedge of lithologically distinct material.

The upper contact of this material is placed at the base of the
slightly clayey sands of the upper Bone Valley(?), at a distinct
lithologic break.

Bone Valley.--The lower, phosphorite zone of the Bone Valley is
present only at hole 1. The contact of this unit with the underlying
Hawthorn is placed at the top of the greenish calcareous clay.

The upper clayey sand unit of the Bone Valley formation is present i
at all locations in this line. The unit consists of an upper, coarse ) ‘
sand, with minor white clay, and a lower fine to very fine grained sand,
with minor white clay. -

Terrace sands.--Loose, iron-stained or cemented, and white quartz

sands at the surface at each drill hole location are tentatively
correlated with the Pleistocene. The basal contact of the terrace sands
is placed at the bottom of the iron-staining, and at the point where the
sand becomes slightly clayey. At hole 8, the bottom half of the terrace
sands is the red and white mottled slightly clayey sand lithologically
similar to material in line 12 (fig. 13). It is arbitrarily placed at

the base of the Pleistocene.
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Economic geology

The calcium phosphate zone was penetrated by hoieé 1 and 2, At
hole 1, the zone consists of both Hawthorn and Bone Valley phosphorite;
at hole 2, the zone is entirely within the Hawthorn (tables 30 and 31).
Phosphate above the limestone at hole 3 is correlated with the middle
Miocene(?). It is not put into the calcium phosphate zone because of
low P205 content (table 30), low tonnage, and excessive depth of over-
burden., Phosphate at holes 4, 7, and 8, is not put into the calcium
phosphate zone because of excessive overburden thickness, ihe phospho-
rite was so deep and contained so few phosphate nodules at these holes
that it was not sampled.

The aluminum phosphate zone is present only at hole 1. Analysis of
sample 94 showed the slime (D) fraction to be high in phosphate and
uranium and low in calcium (table 30). The material represented by
sample 97 at hole 2 is possibly aluminum phosphate zone, but the
analysis is probably too low in phosphate and uranium for the material
to be economic., Gamma-ray logs indicated no abnormal radicactivity at
holes 3 and 4. At holes 7 and 8, the high peak of the gamma-ray log is
probably aluminum phosphate material, but the excessive depth of over-
burden makes it unlikely that this material is economic. Sample 3, at
hole 8, was taken of this high count material. The sample analyses
indicate the material is calcium phosphate, with too low phosphate

content to be economic (table 30).
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Line 15, figure 16

Stratigraphy

Ocala.--Fossils from limestone cored at the bottom of hole 5
were identified as Eocene. Although no other fossiliferous limestone
was cored in this line, the limestones at the bottom of the other drill
holes are lithologically similar to the Hawthorn. If this is true,
both the Tampa and the Suwannee are not present, and it is possible
that the location of hole 5 represents an upthrown fault block. Because
there is no indication of faulting above the Ocala, the faulting, if
present, is at least pre-Bone Valley in age.

Hawthorn.--Sandy, clayey, phosphate-bearing limestone at holes 1,
2, 4, and 6 is tentatively correlsted with the Hawthorn. Calcareous,
phosphate-bearing, sandy clays above the limestone in holes 1, 2, 3, 4,
and 5 are also tentatively correlated with the Hawthorn. The contact
of the Hawthorn with the overlying Bone Valley is placed at the top of
the calcareous clays.

Hawthorn(?), unnamed member.,--Fossils from the bottom of a section

of core of olive-gray, micaceous, calcareous clayey sand, containing
black phosphate nodules, were identified as late middle Miocene in
age. This material is lithologically distinctive and is present only
at hole 8. It is overlain by a loose sand with brown and black
phosphate nodules, correlated with the Bone Valley. At the bottom of
drill hole 8, the unnamed member of the Hawthorn(?) rests on limestone

correlated with the Hawthorn.
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i

Bone Valley.-- The lower phosphorite unit of the Bone Valley
formation was penetrated by all drill holes. The unit is a clayey
sand, with brown, tan, gray and white phosphate nodules. The unit
rests on calcareous clay of the Hawthorn in all drill holes except
number 8, where it rests on the olive micaceous clayey sand member of
the Hawthorn(?).

The upper clayey sand unit of the Bone Valley consists of a medium
to coarse grained slightly clayey sand. The clay fraction is white.

Terrace deposits.--Loose white, to slightly iron-stained sands at

the surface at each drill hole location are correlated with the Pleistocene. ..

In addition, a mottled red and white slightly clayey sand was penetrated
at holes 3, 4, and 5. This material is lithologically distinct and like
‘ the material in line 12. At hole 3, it is high in the section, at holes
4 and 5, it forms the basal part of the Pleistocene(?). The base of the
Pleistocene at hole -2 is put at the base of the sand with some phosphate
particles. The phosphate in this section of core consists of fine-
grained, angular fragments. It appears to be broken particles of

phosphate nodules and is thought to be reworked.
Economic geology

The calcium phosphate zone was penetrated by all drill holes
except for number 6. The zone is entirely within the Bone Valley at
holes 1, 2, 3, and 4, but consists of both Hawthorn and ‘Bone Valley at
hole 5. At hole 6, the phosphate is deep, low in P205 content, and low

in tonnage; this material is not included in the calcium phosphate zone.
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The phosphate at holes 3 and 4 is covered by a thick section of
barren material (overburden) and is probably not economic for that
reason (tables 32 and 33).

The aluminum phosphate zone is present at holes 1, 2, 3, and 4.
At these holes the top contact of the aluminum phosphate zone is taken
at the mid-point of the sharp rise in radiocactivity as shown by the
gamma~ray logs (fig. 16). The zone is uniformly thin and is covered

by thick barren quartz sand; it is probably not economic in this section.

Line 16, figure 17

Stratigraphy

Ocala.--Fossils from limestone at the bottom of holes 1 and la
were identified as Eocene in age. As mentioned in the discussion of
line 17, the Ocala limestone here may be in an upthrown fault block.

Hawthorn.--Limestones cored at the bottom of holes 1 and 3 are
lithologically similar to the Hawthorn. In addition, calcareous sandy,
phosphate-bearing clays above the limestone at all holes except 4 are
tentatively correlated with the Hawthorn. At hole 4 a thick section
of greenish silty and sandy clays, phosphate bearing at the botton amd
about the middle of the section, is tentatively correlated with the
Hawthorn. This material may be equivalent to the Alachua(?) and may
represent a channel or sink-hole filling of reworked Hawthorn. The
material is somewhat similar to the Hawthorn but is also similar to

material in line 17 that is correlated with the Alachua(?).
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Bone Valley.--The lower phosphate unit of the Bone Valley
formation is apparently not present in this section. The upper unit
is divided into a lower zone of slightly clayey fine-grained sand and
an upper zone of clayey coarse-grained sand. The clay fraction of
the upper Bone Valley is white.,

Terrace sands.--Loose, quartz sands, stained with iron, and con-

taining organic material at holes la and 2, are correlated with the
Pleistocene. At hole 1, the middle part of the terrace deposits consists
of red and white mottled slightly clayey sand; and at hole 4 the bottom
half of the terrace sands is composed of this material. The red and
white mottled material is lithologically distinctive; it is arbitrarily

placed in the Pleistocene(?). (See discussion, line 12.)

Economic geology

The calcium phosphate zone was penetrated at holes la, 2, and 5,
and is entirely within the Hawthorn formation. It is absent at the
location of the remainder of the holes in this line. ( See tables 34
and 35.)

The aluminum phosphate zone is present at holes 1, la, 2, 3, and 5.
The zone is very thin and questionably economic. Except at hole 5, where

it is within the Hawthorn, the zone is the basal part of the Bone Valley.
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Line 17, figure 18

Stratigraphy

Suwannee .~—-Fossils from limestone at the bottom of holes 5, 6,

9, 10, and 11 were identified as Oligocene in age. Lithologically
similar limestone was cored at holes 3 and 8.

Tampa .~ Greenish, sandy, calcareous clays, containing chert
fragments and nodules, contain fossils identified as early Miocene at
holes 4 and 9. Lithologically similar clays at holes 3, 5, 6, 7, 8,
and 10 are tentatively correlated with the Tampa. Impure limestone
cored at hole 2 is tentatively correlated with the Tampa. At hole 3,
the Tampa is overlain by calcareous phosphate sandy clay of the
Hawthorn. At holes 4, 5, 6, and 7 the Tampa is overlain by slightly
clayey sands of the upper Bone Valley, and at holes 8, 9, and 10 the
Tampa is overlain by sandy clays of the Alachua(?).

Hawthorn.--Calcareous, sandy, phosphate-bearing clays at holes 1,
2, and 3 are tentatively correlated with the Hawthorn. At holes 1 and
2, the calcareous clays are overlain by green clays or sandy clays,
also assigned to the Hawthorn. The Hawthorn is overlain at holes 1 and
2 by white clayey sands of the upper Bone Valley, and at hole 3, by
phosphorite of the lower Bone Valley. The Hawthorn is absent at holes
4 through 11, although the material assigned to the Alachua(?) at holes
8 through 11 may bé a residuum of the Hawthorn.

Alachua(?).--Coarse to medium grained sandy clays, green to blue
to shades of red and yellow and containing fragments of angular white

phosphate, were penetrated at holes 8 through 11. This material is
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lithologically distinct. The material overlies clastics assigned to
the Tampa at holes 8, 9, and 10, and limestone of Oligocene age at
hole 11. It is overlain by clayey sand of the upper Bone Valley at
holes 8, 9, and 11, and by phosphorite of the lower Bone Valley at
hole 10. From its position in the section, and distinctive lithology,
this material is tentatively correlated with the Alachua(?) formation,
although it is possible that the material is equivalent to the lower
part of the Bone Valley.

Bone Valley.-- The lower phosphorite zone of the Bone Valley, was
intersected only ét holes 3 and possibly 10. The zone is absent in the
remaining drill holes. At hole 3, the lower unit overiies calcareous clay
of the Hawthorn; at hole 10 the material overlies sandy clays of the
Alachua(?) formation. In both cases the contact is distinct.

The upper clayey sand unit of the Bone Valley formation was inter=-
sected at all drill holes. The unit is distinctive lithologically,
consisting of medium to fine sand{with minor amounts of white clay.

The unit apparently contains aluminum phosphate minerals, as indicated
by the rise in the gamma-ray logs, at most drill hole locations.

Terrace sands.--A thin blanket of loose quartz sands, stained with

iron at some locations, was penetrated at each drill hole location. The
loose sands thicken at hole 10, at the ridge, and the thickening may be

due to the increased elevation at this locality.
Economic geology

The calcium phosphate zone was penetrated at holes 1, 2, 3, and
10; it is absent at the remaining locations. At holes 1 and 2, the

zone is entirely within the Hawthorn formation, while at holes 3 amd
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10, it is entirely within the Bone Valley formation. Analyses of the
samples from holes 2, 3, and 10 indicate the zone is probably economic,
(See tables 36 and 37.)

The aluminum phosphate zone was penetrated at all drill holes.
The zone is delimited by the high peak of radiocactivity as indicated
by the gamma-ray logs. The zone was not sampled in this line. Line
17 is an excellent example of the nature of the aluminum phosphate zone,
and the way the zone crosses stratigraphic lines. At holes 4, 5, 7, 10,
and 11, the entire upper unit of the Bone Valley formation is aluminum
phosphate zone. At holes 3, 8, and 9, only the basal part of the upper
Bone Valley is aluminum phosphate zone. At holes 1 ard 2 the basal part
of the upper Bone Valley plus the top part of the Hawthorn make up the
aluminum phosphate zone, and at hole 6, the aluminum phosphate zone is
within the Tampa formation. Although the zone varies in radiation
intensity, it is marked in every drill hole by a peak of radiation

intensity. (See figure 18.)

Line 18, figure 19

Stratigraphy

Hawthorn.--Limestone cored at the bottom of hole 1 is impure, sandy,
clayey, and phosphate-bearing; it is correlated with the Hawthorn.
Calcareous clays overlying the limestone at hole 1 are also lithologically
similar to the Hawthorn, Green slightly sandy clays at the bottom of

hole 4 are tentatively correlated with the Hawthorn. The contact of the
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Hawthorn with the Bone Valley at hole 1 is placed at the top of the
calcareous, phosphatic clay. At hole 2, the Hawthorn-Bone Valley
contact is placed at the base of the white slightly clayey sands of
the upper Bone Valley.

Bone Valley.--The lower phosphorite of the Bone Valley was
penetrated at hole 1. The upper slightly clayey sand of the Bone
Valley was penetrated at holes 1 and 4. At hole 4, the upper clayey
sands of the Bone Valley rest directly on green sandy clay of the
Hawthorn.

Terrace sands.--Loose, slightly iron-stained quartz sands, that

.contain organic material, are correlated with the Pleistocene. They

are present at both locations in this line.
Economic geology

The calcium phosphate zone was intersected only at hole 1, where
it consists of the lower phosphorite zone of the Bone Valley plus the
top of the calcareous clay of the Hawthorn. No phosphorite is present
at hole 4. (See tables 38 and 39.)

The aluminum phosphate zone was intersected by both drill holes of
line 18. At hole 1, the zone is the lower part of the clayey sand of
the upper Bone Valley, while at hole 4 the aluminum phosphate zone is

entirely within the Hawthorn. The zone was not sampled andiwas delimi#ed

entirely by use of the gamma-ray logs.
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TONNAGE CALCULATIONS

Aluminum-phosphate zone

Tonnages were calculated by a modification of the method used
in the district for calculating the matrix tonnages. The method is
based on the thickness of the deposit and the weight per cubic foot
of rock in place,

A bed one foot thick contains 1,613 cubic yards per acre.

(1) 43,560 (sq. ft./acre) x 1 (thickness in feet) = 43,560 cu. ft./ acre foot.

(2) 43,560 (cu. ft./acre foot) - 1613.33 cubic yards per acre-foot,
27 (cu., ft./ cu, yd.

and; rounding,

(3) 1,600 x thickness (in feet) = cubic yards per acre.

Cubic yards per acre is shown on all of the tables because the
weight per cubic foot of aluminum-phosphate zone material varies between
wide limits. This figure may be changed to tons per acre by using a 5
factor of 90 pounds per cubic foot, the approximate average weight of
a cubic foot of aluminum-phosphate zone material. This is equivalent
to 2,430 pounds per cubic yard; 1,088 long tons per cubic yard, or 1.215

A

short tons per cubic yard.

Calcium~-phosphate zone (Matrix)

The tonnage calculations used in this report are based on the"
thickness of the phosphate bed, its percentage of contained pebble
or concentrate, and the specific gravity of the deposit. The phosphate

companies use the weight of a cubic foot of matrix instead of thg
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specific gravity. For much of the area, this weight is about 125
pounds. Thus, the tonnage calculations are as follows:

(4) Square feet per acre (43,560) x 125 = 2430.8, or
long ton (2240 pounds)

(5) 2430 = constant. 2430 x thickness (feet) x percentage of pebble,
(or concentrate) = tons of pebble (or concentrate) per acre.

No correction was made for the variation in weight per cubic foot.
However, this variation is small; computation shows that a change of 1
pound in weight of a cubic foot of matrix changes the total tonnage
1/5 ton per foot of matrix for one percent of pebble, or concentrate.

Long tons are used in this report to conform with general practice
in the phosphate field. Long tons can be converted to short tons
(2000 pounds) by multiplying the given tonnage figure by 1.12.

(6) 2 LI'O = 1012
2000

Grade is shown in percent BPL (bone phosphate of lime) the
conversion factor is:

(7) P205 percent x 2.185 = BPL percent.
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Table 5,=~Tomnage computations, line 1

pth Interval| Aluminum-Phosphate done | Calclum=Phosphate Zone

Hole |(in feet below| Cu, yds. rcent U|CeFoM.| Tons per Percent

No, | the surface) | per acre 1/ 2/ acre BPL

1 | 9.1-19.3 16,300 00007

2 | 7.0-9.1 3,200 800 3/

2 9,1-12,1 P-130 4065

3 | 20,5-22,0 2,100 0,011

L 500=19,4 23,000 0,003

5 | Blank Hole

/

Head assay calculated from analyses of individual fractions,
Counts per minute computed from gamma-ray log.

' See ﬁgo 26
P = pebble fraction (#14 mesh),

No concentratee
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Table 7.~-Tonnage computations, line 2

o come

Depth Interval | AluminumePhospbate Zone |[Calcium-Phosphate Zone

Hole }{in feet below | Cu, ydss |[Percent U|C,P.M, |Tons per - Percent
Noo | the surface) | per acre %{ 2/ | acre BPL
1 2301=34el | 17,600 [0,010 3/
1 %%glm%Zal
2 o0=137, 10,200 - ﬁ}ﬂﬂ
2 137oL=150,l
3 12,8=20,0 11,500 [0.010
= 31,0-33,9 | s

1709-21,9 6,400 0,003

S N

Head assay calculated from analyses of individual fractions,
Counts per minute computed from gamma-ray log. See fige 3e
Possible calcium=phosphate zone, Top contact taken from gamma=
ray loge Bottom contact at base of lost core.

Possible calcium-phosphate zone, Not sampled; but coarse
phosphate pebble present, Tonnage is low.

Base of sample 26, Samples show phosphate nodules. Not analyzed
for P2°5° Possible calcium-=phosphate zone, Tonnage is lowe






93

100°0 Lese (£)
900°0 | $00°0 0°z (7)
Loo°o | goo°0 €°€2 69°0 | L°o Leot N“ww me
200°0
900°0 yo°t | ¥°0 °91 ¥°l (V) TogT=-T°€1 LE-z
900°0 | 900°0 ¢°le 92°0 | &°t 2°L 6°tT (@ o
B . o6y (9)
e g°62 (a)
800°0 6°9 (V) T°€1=-0°9 9t=2
200°0 | 100°0 RG]
100°0 z°ov Mow
200°0 ¥°2 q
200°0 6°0 (V) 6°65=9°CY €e-1
¢00°0 T00°0 0°9t (@)
100°0 mo¢¢ Muw
100°0 °9t q
900°0 €v°€ | 9°2zv 6°0€ z°t (V) $eEv-t°ge €=t
F00°0 6°CT | (&) TI8F OLTFGE= |
€10°0 | 210°0 68°€ | 0°6% 6°9€ 6°L (%) owos 0GTeCE~
900°0 | $00°0 o2t 4 Locz | g°le g°gt 0°€Y Maw ysew QMﬁMmm
9) qsewm 0GT44E-
010°0 010°0 9€°¢ | €°e¥ 2°tt T°Lt (g) usem GE+1=
g10°0 { 0T10°0 /T Lo°y | 9°6¥ 1°9¢€ z°6t | (V) usem ¢ T°9T=6°¥1 €=t
ne n Loty s 0®) Solq vnowhe& | (3993 urt) ooy efdusg
— (F0B0480 UT) SFED LCOTIALEUY W3Tep | | ezTg weeaog TeaJequ] ¥
/T oqdureg coN ®TOH

€ eury utr soyoy woay seydums Svyvp weexos puvw TBITYATBUY=-g €TqE]

-






°GyGz 307 WexJ ege geTdwss TTV

°100°0 wey3 ssey srembe v, &
°gysA{eus ou 93€oTpuT sywerd /T
*weexos ue peursiea jueoxed qudtem /T

Z00°0 | 200°0 0°0§ (a)
/e 0°€y | (2)
200°0 0°9 (9)
§00°0 /2 6€°€ | 6°T¥ geet T°0 (V) 6°22=9°12 SE=¥
900°0 | 900°0 €°1e (a) ysem 0G1-
® 0°%9 (o) ysem OGT+5E-
L 6°2t (g) usem SEHT-
$00°0 8°T (V) usew $1+4 0°¥T=6°9 yE=¥
ne n oty Fa 0®) 5029 | gueoseg (3903 w¥) | °oN erdumeg
(2weozed ut) ®yBp TBOTIAT®UY Y3 TOM 02 Tg UWOOIDG 1BAIP3UT ¥
h /T | erduweg ON OTeH

PONUTIUGY-=-f SUTT UF soTey wexJ soydmes Sejzep uweesos pue TVITLATEUY-=Q OTqE]

- -






5

Table 9o~~Tonnage computations, 1ine 3

Pepth Taterval
Hole | (in feet below
No, | the surface)

1| 7.0-12,0 8,000

1 11‘0*9"’1601 P-562 y 780'7
C=231 79,6

2 |10,3=18,1 12,500 0,005 “

Holes 3, L, and 5 had no aluminum-phosphate or calcium=phosphate.

Head assay calculated from analyses of individual fractions,

Counts per minute computed from gamma-ray log. See fig. Lo

P = pebble fraction (#1L mesh); C = concentrate fraction
(=354150 mesh),
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Table 11,--Tonnage computations, line L

Depth 1nterval | Aluminum-Phosphate Zone | Calcium-Phosphate Zone
Hole |(in feet below | Cu. yds, | Percent | C.P.Ms Tons per Percent

Noo the surface) | per acre U 1/ acre BPL

l 1005"1902 133900 1000 . 2

1 | 19.2-35.9 P-1168 2/ 7645

1 - P.187 ' 67el

2 1 P2 [0 636>

3 2102‘52806 %/

3 28,6=li504 -1530 660

Counts per minute computed from gamma-ray log. See fig. Se

/

P = pebble fraction (+lL mesh),.
3/ Possible calcium-phosphate zone, Not samplede

No concentrate,
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Table 13,==Tonnage computations, line 5

Depth Interval | Aluminum-Phosphate Zone | Calcium=Phosphate Zone
Hole | (in feet below | Cu, yds, | Percent | CoPoMo| Tons per Percent
No, | the surface) | per acre U i/ acre BPL
1 | 56.1=71.9 | p-2990 _|Wot analyszed
2801"29a§ 2880 1000
2 2909"3’406 ‘%/ 2/
2 | 3ho6liBe9 =Tl 40.6
. s C=2280 66414
3 | 22,5-32.8 P=655 35.8
: 0'3600 6609
b ] 21.4-23.2 2880 1500 |4/
1/ Counts per minute computed from gamma-ray logs. See fig, 6.

Possible calcium=phosphate zone, analyzed cut both aluminume
phosphate and calcium=phosphate zones,
P = pebble fraction (#L4 mesh)s C = concentrate fraction

(=35%150 mesh),
ly/ Some phosphate present in limestone,

Not calcium-phosphate zonee
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Table 15,~~Tonnage computations, line 6

Depth Interval

ATuminum-Phosphate Zone
Percent U|CoP.Mo| T

Calcium=Phosphate Zone

Hole | (in feet below | Cu. yds, ons per Percent
Noo | the surface) | per acre 1/ 2/ | acre BPL
1 22,6=37,6 244,000 0,003
1 | 37.6=bho6 P=1020 69,5
No concentra
2 | 21,0-27.1 9,760 900
271=32,0 . P-530 72,6
: No concentrate]
3 62,9=67,2 6,880 800
3 | 67.2-68,8 P=h}0 k74 87.3
C=170 69,1
b | 77.2-81,2 L/
5 | L6.3=48.6 P-340 345 5
65140 73.8 5/

/

i/ Possibly calcium-phosphate zone.

(=356150 mesh),

thick, tonnage too low to be economic,
5/ Possibly calcium~phosphate zone, Overburden too thick, strata
too thin to be economic,

Head assay calculated from analyses of individual fractions,
Counts per minute computed from gamma-ray logs. See fig., 7.
P = pebble fraction (414 mesh); C = concentrate fraction

Not analyzed, overburden too
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Table 17.--Tomnage computations, line 7 -

Depth Interval

Aluminum-Phosphate Zone

Calcium-Phosphate Zone
T Percent

Hole | (in feet below| Cu, yds., [ Percent WEQEM, ons per
No, | the surface) | per acre | 1/ 2/ | acre BPL
1 | 28.1-33.9 9,120 | 0.008
1| 330085 ¥ | ° P-1770 &/ 71,0
C=3200 TL.0
l ,4805"5508 ‘2/ P. "'300
: e - C=2980 Not assaved
2 1505"’2300 ) 129000 1500
2 | 23,0-45.9 &/ P-18L0 68,0
5/ C-3020 70,0
2 | LS.9=63,1 P=610 40,5
) C=2850 68,1
3 | 3908=51,5 1/ P-500 60,0
- C=2020 6li6
L | 39.9-65.9 8/ P-1870 5740
1 ) C=5960 68,0
-5 58,8«78,8 2/

QY

SIS

Head assay calculated from analyses of individual fractions.
Counts per mimute computed from gamma=-ray logs.
Top part of celcium-phosphate zone - Bone Valley formation,
P = pebble fraction (41l mesh); C = concentrate fraction
(=354150 mesh),

Bottom part of calcium-phosphate zone - Hawthorn formation,
Top part of calcium-phosphate zone - Bone Valley formation,

See fige. 8.

Weighted average bottom part of sample 60, and all of samples

61 and 62,

65 and 66,

Bottom of calcium-phosphate zone = Sample 6o
A1l of calcium-phosphate zone., Weighted average of samples

No tonnages computed, sample included both upper and lower zone
of Bone Valley formation,
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Table 19.-~Tonnage computations, line 8

Depth Interval| ¢
Hole | (in feet below
No, | the surface)
1 | 51,0-83,0 &/
1 | 83,0-94,03 P-347 10,3
N C=1630 59,2
2 | 39.2-52.4 &/ P-aslég lgg,e.
c-12 o9
2 52.1;-87.54%/ P=2636 29,4
C-6379 62,4
3 | 5705=624k 2/ P=60T5 30,2
’ C=4450 58,6
L | 45.5=50,3 &/ P=1800 56,0
C=630 65,6
L | 50s3=56,1 Not analyzed | -
b | 56,1-63.1 3/ P-1570 50,8
‘ C=1l40 65,6

Fo aluminum-phosphate zone present in this line of drill holes,

Top sample of calcium-phosphate zone = Bone Valley formation.

P = pebble fraction (#1L4 mesh)s C = concentrate fraction
(=354150 mesh).

Bottom sample of calcium-phosphate zone - Hawthorn formatione

Weighted average of samples 71, 72, and 73.

Total calcium-phosphate zone - Bone Valley formatione

R
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Table 2l ,=~Tonnage computations, line 9

Depth Interval] Aluminum-Phosphate Zone | Calcium-Phosphate Zone
Hole | (in feet below| Cu. yds. | Percent | C.P.M.| Tons per Percent
No, | the surface) | per acre U acre BPL
1 803=2666 29,200 1000
1 | 2606-35.L 2/ p-1650 3/ 6841
L/ C=630 69,0
1 | 35.4<h3.3 P=928 4869
| c=2120 6660
2 | 32.2-39,7 ,, [ 12,000 1500
2 | 39.7-48.6 2/ P~5720 Lol
' ", C-1310 720k
2 | LB.6<50.3 P-500 5307
¢-580 '
3 | 15.4=23:6 2/ 13,200 1300
3 23,6=38,9 < P~7350 69,0
h“ C=3T700 600k
3 | U2.6-59.3 & P-1,950 61150
B C=44250 67,0
5 | 16o0=1707 2/ 2,720 1500
5 17.7=28,7 P=4250 6266
L*/ 0-750 7100
5 | 28,7574k P-3120 58,0
g C=7530 69,0
6 | 27.0=31eh 5/ Not sampled
6 | 31.4=39.3 P=221,0 49,0
C~1190 61,6
7 | 1ho0=1967 2/ 9,100 1000
T 19,7=3960 P=2560 -60.44
] C=1490 7065
8 2907"3536 g/ 99h50 1500
8 | 3546662 P=3690 60,0
C~-8900 69,0
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Table 21,=<Tonnage computations, line 9-<Conte

Depth Interval | Aluminum-Phosphate Zone | Calcium-Phosphate Zone
Hole | (in feet below | Cu, yds, |FPercemt | C.P.M.| Tons per Fercent
Ko, | the surface) | per acre U 1/ acre BPL
9 27,0=34,.8 5 1,250 1000
9 | 3U.8-51.2 E/ P-880 5749
9 | Blemaly P-3180 5k, 0
i C-980 606
10 55,2=75,2 &/ P=2680 62,5
- ) C=1700 59,4
11 45,8=50,6 &/ P=1600 6li.5
C=1020 ook
11 | 50,6-53,7 &/ P=70 51,7
' C=590 ThoO
12 52,0=72,4 2/ P3040 61,0
C=3160 67,0

Hawthorn formations,

Counts per mimute computed from ganma-ray logs, See fig, 10e
Upper part of calcium-phosphate zone - Bone Valley formation,
P = pebble fraction (¥l mesh); C = concenmtrate fraction
~ (=35¢150 mesh),
Lower part of calciumephosphate zone = Hawthorn formation,
One sample of calcium~phosphate zone = Bone Valley ard






118

. z°9t (&)
$70°0 I*¢ | T°l¥ T°tTt 0°TT ()
€10°0 | #t8°0 0°9 0°z | ¥°92 6°ST L°ve (a)
800°0 600°0 0°6T (9)
220°0 9T0°0 9°¢ 6°Sy 6°0t 0°€T (V) 9°92=¥°LT e 4
™ g°gt (£)
010°0 ¥°€ | 2oLy €°1t §°¢T Auw
$00°0 0°g2 (a
900°0 rAS A (9)
9170°0 | #T10°0 (243 Lovy z°ot 2°9 (V) 0°LE=6°le gt
700°0 yve | (2)
010°0 800°0 0°¥ L6y LetE 0°¥2 (7)
TT0°0 010°0 8l 0°2 A5 14 g€olt g° 12 (a)
600°0 8°0T (g)
lto°0 9T0°0 g°¢ 25y 9°1t 2°6 (V) T°L1=9°6 S0T=2
T00°0 0°62 ()
100°0 9°¢ kely yezt yove (=)
¥00°0 | $00°0 €°02 (a)
§00°0 §°92 (g)
600°0 T°¢ 13427 Le62 8°2 (V) 6°9T-9°2T 20T-1
200°0 13 (2) Tre3 09T*SE-
gT0°0 g°¢ 6Ly 9°%¢ 0°€T (®) omes QGTLGE~
010°0 600°0 0°g€ (a) usew 04T~
$00°0 AL (g) usew GE4p1- .
210°0 /2 2t | 26t 0°ge 9°0 (V) usem 14 9°21-€°¢ TOT=%
ne f 00Ty Fi 0%3 5023 | 3wesaeg (3907 ur) | cey eordueg
{3uesaed nwv BIEp TROTIATRUY U3 TeM 02Tg U08.I9g TeAIORUT P
/T e *ON OTeH
0T OWYT uT soTey wexJ sefdwes ‘e38p ueeiss pus TeITIATBUY--2Z ®TqEL
M . A






119

g10°0 220°0 L°oz 2°T L°01 G°tt Lokt (a)
200°0 L*i9 | (9)
£00°0 Gt (a)
2T0°0 0°t €°0T 9°0T 2°0 (V) 0°22-0°} 0t=l
200°0 T00°0 L°62 (d)
100®0 g°¢ 8°gy T°0t 9°6 (%)
T00°0 1345 (a)
$00°0 $°91 (g)
010°0 6°2 T°0% Leve 0°T (v) 6°09=1°94 6-9
= 9°0v (x)
010°0 L°€ 6°5¥ T°2¢t 6°6 (%)
#00°0 : T°9¢€ (a)
200°0 200°0 6°1T (9)
£€T10°0 9°¢ 188 4 6°62 6°T (V) T°95=L° Tt 8=9
620°0 060°0 0°2¢ T°1 L0 9°62 €6 (a)
B £€°€g (p) usewm OST+GE~
100°0 v°L (g)
£00°0 T 5°6 9°0T 1°0 (v) 9°6£=0°6€ L=9
200°0 tveC (&) TTeF 04T+5t=
$00°0 9°¢ Lovy Lo 62 0°9T (%) ouweds 0GT+4€E-
£00°0 : AR 2% (a)
L00°0 100°0 9°4T (9)
010°0 $°€ g°€d 0°62 g°2t (V) °vE=-2°T¢E 9=4
G00°0 telt 2°1 v°2T g°ct g°¢¢ | (d) Usew 0gi-
200°0 1°59 (D) ysewm QGT+SE=
$00°0 2°6 (g) usewm SE4yT=
600°0 1343 9°Tt g€e0t 6°2 (V) usewm 1+ 0°92=b°22 §=4
ne n £olty F o®p | S0%a | 3ueocaeq (303 ut) | °ey erduweg
(3veczed uT) ®3ep TeoI}ATEUY Y3 TOM 92Tg UO6I9g TBAIORUT P
/T eTdureg *oN eTeH

PONUTIUCY==0T SUTT UT seToy wel] setdues ‘ey®p uessos pue TBOL}ATBUY--ZZ OTqB]

-






120

T00°0 T - Lete (d)
§00°0 L°¢ 9° Ly §°1¢ 6°0T (7)
200°0 €ogt | (@)
900°0 ¥°Z | 9°62 $°8T §°1TT (9)
600°0 9°t | €°%¥ 9°0¢ 9°¢ (V) 9°02-9°%T 9T=6
T00°0 | 1t00°0 0°6T (1)
100°0 z°¢ Loty 9°L2 oLt va
£00°0 e°ve aj)
400°0 et | (9)
$00°0 2°T | T°0t l°g golz (V) zele=t°9t (1]
. 0° ¥ (%)
§00°0 I°€ | g°9¥ 2°#t g€°02 (%)
TTI0°0 110°0 8°2t 8°T | v°8T A T°12 (a)
$00°0 | €00°0 lett (9)
0170°0 | 010°0 v°€ A4 4 g°tt 6°5 (v) £°9E=€°22 -9
t10°0 | 410°0 I°lz 8°T g°0 6°9T g°02 (a)
T00°0 9°%9 | (9)
100°0 £o1T (g) A
#00°0 v°T | €°0 0°¢T gt (v) 6°22-0°9T €T-9
TO0°0 o6t _.nh« TF8% 053t~
£00°0 g°¢ | S°9 g°ot 9°2T | (%) ouwes OST4SE-
200°0 A 13 Aaw .
900°0 | $00°0 0°9 (g
800°0 l°z | g°gt (441 9°4 (¥) rAd % ) 4411 2=l
T&10°0 | £106°0 togt 9°T | 9°9% 6°2T 2°9z | (@) usew oSt~
#00°0 §°t9 | (p) usew 0GTISE~
020°0 | T20°0 °2 | 2°92 0°8T ¥°F (g) asewm SE4pT-
0€0°0 | o¥0°0 gz | &° goot g°s (V) qsew ¥1< T°82=0°22 =L .
ne 50¢3 | uwesaeq (3003 uz) | cey etdmmg
W3TeM 9275 weedg TeAz03 W] ¥
\% epdueg °eN @TeH
PONUTIU0)==0T SUTLT WT soTey WexJ seTdues Sevivp uessos pus TeSTIATBUY -ZZ OTABL
- - -






121

® 9°¢t ()

foo°o g°¢ T°8% 174 g°yT (T)

200°0 0°z¢ (a)

600°0 6°0T (g)

900°0 0°z | LezE §°8% L°g (v) o LE=¥°2¢ 22-0T

L g°2s (&)

800°0 ¥°€ zotw +°g2 T°0T (T)

T00°0 T°0€ (a)

#00°0 AL (g)

800°0 0°¢ | g°6¢ 8°42 €°1 (v) S*9%=6°9¢ 2-0T
e o6t @)

800°0 2°€ | Tesw 13813 §°0T (%)

200°0 | T00°0 8° T2 (@)

L00°0 6°91 (a)

600°0 0°¢ | T°t¥ g°of $°8 (M) 6°9€=-1°52 02-0T
—E00°0 | ¥00°0 (A7 T°T 6°g TS89 | O°0t [(:9)

200°0 6°€9 (9)

£00°0 6°8 (g)

600°0 °¢ | T°¢¥ L°1E 2°0 (V) °88=1°L1 6T=0%

L20°0 920°0 £262 L°0 T°8 9°2T 1°02 (a)

100°0 : ¥°49 (D) wsew OGTHSE=

L] a4 (q)

§00°0 l*o | €°9 9°k +°0 (%) °L1-0°8 8T-0T

® Loyt | (&) Tres 0ST3SE-

Loo°o L°¢ | 2°g¢ 0°2¢€ 13d 14 (T) oweo 0§THSE-

T00°0 | 200°0 9°€2 (a) yesw 061~

£00°0 g°l (9) usew SE4¥1T-

T10°0 € | T°¥ 9°82 9°1 (V) usew 1+ 9°€2-9°02 Lt=6

ne 2 tolty P ow0 | So0%q | sweoaeg (3007 wy) | °en eydumg

.&Mﬂoo&on uf) ®38p TEOTIATBUY I TN $ZTG US6JIDQ TeAIe3uY ?
b /T edureg °oN oTeH

PONUTIUON =0T UL UT sofoy wesJ seTdwes ¢wvlep U108 PUBR TBITFATSUY-=2Z O6TA®L

-

D






122

® £°4s (I)

600°0 ¥°€ €°68 1°92 0°TT (7)

$00°0 6°4 (a)

$00°0 gelt (d)

970°0 | ST0°0 °€ 0°T¥ g°le g°g (V) g°tt=-1°22 ge-et
~900°0 800°0 ¢°4c t°0 6°T 0°¢t T°8 (a)

® 9°1l (9)

® ® §°6T (9)

670°0 L10°0 £°T | €°lt T°€T 8°0 (v) T°22-8°61 lz=-2t

T00°0 - geot (d)

900°0 €€ | 1ty s°ge zeet ()

® g§°lz | (a)

900°0 geit | (g)

800°0 ¥°2 | #°9¢€ §°gt gozt | (V) T°6€-1°gf 92-11

® §°16 | (&) TTe3 06146E-

§00°0 €€ | Sty 9°0€ T°2t () dues ogT+GE-

200°0 100°0 9°9T (@)

$00°0 0°%T (q)

010°0 G°€ L°gy 0°62 8°s () T°g8t=2°g2 §2=1T

600°0 800°0 £°6T °T | 9°g¢ t£°L %61 () ,

200°0 g°Ls (9)

$00°0 l°6T (2)

910°0 9T0°0 i°t °6€ 0°62 8°z (V) £€°92-0°22 ¥2=TL

® §°9 (@) ysem ST~

® 9°68 (D) ysem QGT+5E-

L] T00°0 g°l (g) ysew GE4yT-

010°0 8°2 6°9¢ L°t2 T°0 (V) ysem $74 0°22=t°02 €e=-11

e n tocty I o0eD 503 | swesaeq (30e3 aT) °eN etdureg

(3ueoied uw¥) ezep TesylAyeay B TOR 9ZTQ UPB.LDG TeAISLUT ?
/T edmeg °eN OTeH

PONUTING)=-=(T SUIT UT So[oy wWoiJ seTduss °BIeP U108 pue TEITFATEUY-=2Z STqRI






T00°0 T°09 (63)

§00°0 8°2 °l2 0°g2 ¥°8 (%)

£€00°0 0°8T (a)

900°0 - 9°¢ (q)

210°0 z°€ | 9°g2 é°le 6°6 (v) 9°6£=0°g¢ €e=€T

T00°0 0°2¢ (a)

TTI0°0 9°¢ Leot T°2¢ °k (7)

€10°0 | €10°0 1°0 | 9°1T °6 §°2 (a)

§00°0 108 (g)

Lt0°0 | 910°0 €°¢ | z2°g2 0°62 IAS) (V) 0°ge=L°Le FATE A

T00°0 L°Te ()

100°0 0°¢ | €°t ¥°0¢ 1°9 ()

T00°0 gote (a)

§00°0 o9t | (9)

T00°0 0°€ 9°ge 0°92 §°2t (V) Toe¥p=6°gt T€t=-2T

hd T00°0 e°9t (&)

900°0 0°€ | T°6¢ g°se 9°¢T Muu

200°0 2t a)

#00°0 §°62 (q)

TT0°0 € | L°zy z°he €°9 (v) gogE=2°¥t 0€=2T

® ¥Ir | (@) Tres 06T=st= |

800°0 g°t 184 4 ] g°0¢t 9°6 (x) oues OGT+GE~

200°0 §°92 (a) usew OST~

200°0 | T00°0 6°Lt va qsem St4pT-

0T0°0 z°t | ety r A Y4 9°¥ V) Ysew $T+ ZovE=6°1¢ 62-2T

qe 0 toctv i 0®) Socg | gueoxeq (3993 ut) coy oydweg
(3wedaed uT) ®3Bp TBOTRATEUY QB TOM ©ZTQ UOOIdg TeAI®4uT ¥

/X etdueg °oN OTeH

PONUTIUSN==0T SUT[ UT seToy wosy sefdwes Seaep uee.12s puUB TBOTIATBUY==gZ ®TqR]

-






124

L T°1 Amw
$00°0 °t tAd 3 z°6 9°2 (=
200°0 €oz¥ (@)
200°0 L°§ ()
200°0 ¥°0 0°6€ 9°¢ gozy (¥) 0°$€=T° 62 gE=pT
100°0 0°tS (3)
€10°0 ¥°€ °tt 0°0€ #°€ (%)
900°0 °1 L°9T §°8Y rAdAS (@)
900°0 g°g (a)
Lt0°0 gT0°0 0°¢ | S°62 0°0€ 6°2 (V) T°62-0°42 LE=%T
€10°0 €°0 6°2 5% 0°8T (a)
e 0°€9 (o) usew OGT44E-
200°0 0°8T ()
210°0 L°0 2°L 6°g 0°T (v) 0°62-£°¢€2 9€=$T
L 100°0 °%2 ()
100°0 L°2 9°L2 §°92 0°g ()
T00°0 £o6€ (a)
$00°0 Leot (g)
070°0 °2 0°92 L°6T 6°LT (v) 6°66=E°¥S §e=€T
® Lezs (I) TTe% 04126t~
100°0 °€ 0°ge 2°62 $°91 () oueo 0GT4SE~
€00°0 L°S (a) usew 06T~
#00°0 £00°0 0°91 (g) uysew SEIHY-
gro°o €€ 6°62 §°62 2°6 (v) usew T4 €°96-9°6¢ $E=€T
ne n tolty g 0®9 Speqg | auesaeg (3903 uT) cey eydursg
ﬂ@.ﬁoahoﬂ ﬂ.ﬂv e38p TeoT3ATRUY Pﬁw.me.ﬁ en.mm ﬂoo.mom TeAISUT ¥
/X eYdureg coN ©TeH

PenuTIUCH-=0T OUIT UT seyoy wezJ seydues ¢ejep ueeos pus TBITIATBUY--ZZ OTAE]L

-m

D






125

°gyGe 30 WoxF daw m@d&ﬂdn TTv
°{00°0 uvy3 eseT s{enbe sds\m

*8y8LTBuUB ou ©3BOTPUT YWY ¢

*ueeI08 WO peuTsea juesied JyBTeM/T

100°0 2°69 | (&)
T10°0 2°¢ Ak %/ z°92 g°g ()
200°0 1°61 (a)
€00°0 T°€ (g)
L00°0 2°1 A €°0t g°2 (V) T°¥8=-¥°g8L =91
£00°0 2°0 L€ §°1 [24 21 (a)
- Le 6l (9)
- 9°s (q)
600°0 010°0 g2 6°¢E 0°12 2°0 (V) gezt=-1°02 £¥=-91
Lz0°*0 gv0°0 €°0 rAd 9°L 9°9 (@)
200°0 L°ol (D) usew OGTESE~
€00°0 g§°9t | (@)
010°0 6°0 €°0T v*6 1°0 (V) T°€1=2°0T 2991
™ Lege (d)
600°0 6°2 ¢y (34 £ §°l (%)
100°0 9°gz | (@)
Loo*0 L00°0 A (g)
TI10°0 €°2 2°6¢ $°61 g°lz (V) T°4S-€° 19 T9=5T1
v 6°¥l (1)
600°0 z°¢ 0°1¥ Lelz 1°2 (7)
€00°0 (243 (a)
$00°0 0°LT (q)
2ro0°0 9°2 2S¢ Ak 14 §°C (v) Le6¥=2°0% o¥=51
* 9°21 (I) Tve% 06T*st-
T00°0 $°0 | €°tt g°€ 8°€T () oues 0GT+GE-
T00°0 g° 1T (a) ysem 041~
200°0 g°St (g) ysem GE4YT-
200°0 ¥°0 6°0¢ g°€ 0°9% (V) usew 4T+ 0°L€-0°5¢ 6E-%1
ne n tocty ra oep | Socd 1ue0I0g (1003 uT) coN etdweg
(pueoxed uT) B3P TE2TRATeUY WS TOM 92 Tg UOSIOG TBAJI03UT ¥
\m oTdmsg °eN ®TeH
penutjuen--0T 6UTT UT seToy mexJ seTdues ¢wywp ueelos pue [ROT}ATBUY-=2Z OT4BL
M -






126

Table 23c=~Tonnage computations, iine 10

Depth Interval

Kluminum-Phosphate Zone

Calcium=Phosphate Zone
Tons per Percent

Hole | (in feet below| Cu. yds, | Percent U|CoP.H.
No, | the surface) | per acre i/ 2f acre BPL
1 2,0=5,3 55300 2800
1| su3aaz6 | P-i100 &/ 6LaL
5 C=2200 7566
1 | 1266=18,9 5/ P=l300 65,0
C=3560 TLeO
2 1,5=8,2 10,700 1000 |
2 9s6=iTol 2/ P<1780 69,0
C=44670 7306
3 950-2705 29,600 1800
3 | 27.5=37,0 V/ P=ili30 6600
C=3100 680l
N 9o0=17oL 13,400 1100
L | Tele2606 ¥/ P28L,0 6703
C2l400 68,0
5 3,0=22,14 31,200 1000
5 | 2204=2600 ’ P=250 L 66e2
No comentratq
5 26,0=31,2 Not sampled ,
5 | 3102-3h.8 &/ P=L090 6345
Ce=1360 6500
6 | 35,0=39,8 To600 | 1500
6 3968«diie 7 Not MM, probably claysy sand -
. (Aluminum phosphate(?))
6 | L1.7-5601 I/ i P 6504
, 5/ C=3060 70:0
6 | 56,1=60,9 P-108 Slie0
C=970 65,7







Table 23,=-~Tonnage computations, line 10--Conte

Depth Inter ATuminum=Phosphate Zone | Calcium=FPhosphate Zone
Hole | (in feet belzﬂ Cu, yds. ﬁerce‘nt U[C.P.H.| Tons per Percent
No, | the surface) | per acre 1/ 2/ acre BPL,
7 | 7.0-22,0 24,000 | 0,006
7 | 2200-28,1 &/ P-550 6602
No concentrate
T | 28e1=33.1 . Not sampled
7 | 33.1-3.2 &/ P-1845 b9l
C=3060 672
8 | 18,0=22,9 7,840 0, 004
B | 22,9-3603 I/ F=19L0 68,8
8/ Cm=b6140 ThoT
8 3603‘3792 P-660 1900
_ _ C=420 60.1s
—9 1)1, 0=111,38 No economic 500
9 1)4,8-20,6 P=826 66,9
C=1580 6868
9 | 20,6=23.6 P=120 68,5
C=1670 10,0
10 8,0-1701 3 1h,500 0,005
10 | 17.1-25.1 &/ P-390 6940
- No comcentra
10 | 25,1=36.9 5/ P=1570 6702
C=31L0 680k
10 | 36,9-h6.5 &/ P-350 Eéel;
C~2320 62,0
10 | L6.5=52.L 5 Not sampled
10 | 524457, &/ P=1050 33,9
C=1800 168
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Table 23,~-Tonnage computations, line 10=-=Cont,

Depth Interval | Aluminum=Phosphate Zone ] Calcium=Phosphate Zone
ole | (in feet below [Gu, yis. | Perosnt U]C.P.M.|Tons per | Pavosnt
No, | the surface) |per acre 1/ 2/ acre BPL
11 | 20.3-22,0 3/ 2,720 0. 00L
11 | 22,0=2603 P=300 63,5
- Yo concentrate)
11 2663=28,2 k) No recovery
11 2802‘53801 a=/ P—lhl() 6303
é/ 6-29)40 6609
1 38,1=39,1 P=290 40.5
C=280 62,4
12 | 19.8-22,1 9 3,680 00002
12 | 22,1-31.5 &/ P-1960 60,0
c C=2540 5863
12 | 31.5-34.2 &/ P-330 3.7
~700 o
12 | sheas/A] P-2170 5820
. C=1990 60,0
3 27,7=38,0 2/ P-1870 6305
11/ C=1730 7062
13 3800=54.3 P-3700 63,6
, 8/ C=6260 63.4
13 5le3=5505 P-}430 h3.1
C=200 58,0
W | 19,9=25,0 8,160 800
U | 25,0=29.1 k74 P=290 65,6
12/ C=330 65,6
W | 29,1=37,0 Not computed 8,0=20,0
15 1042=49,7 :
16 | 10,2=13.1 L,6L0 0,005

Head assay calculated from amalyses of individual fractions,

Counts per minute computed from gamma-ray logs, See fig, 1ll.

Top sample of calciumephosphate zone = Bone Valley formation,

P = pebble fraction (414 mesh)s C = concentrate fraction
(=354150 mesh),

Bottom sample of calcium=phosphate zone = Hawthorn formation,

Sample not assayede

One sample includes both Hawthorn and Bone Valley formations.

Hawthorn limestone samples, Not calgiumephosphate zone,

Sample includes Bone Valley and late middle Miocene (2), Not
economic, :

Weighted average of samples 30 and 31,

Hawthorn (?) unnamed member; weighted average of samples 33 and 3k,
Not economic, )

Hawthorn (?) urmamed member, and Hawthorn, Not economice
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Table 25,-=Tomage computations, line 11

Depth Interval | Alumimum-Phosphate Zone | Calcium-Phosphate Zone
Hole| (in feet below | Cu, yds. | Percent Coﬁ.M.r Tons per Percent
No,| the surface) | per acre U i/ acre BPL
1 | Blank Hole
2 | 22,5=28,0 & 8,800 1000
2 | 396.3=441.8 2/? F=1C10 &/ 6605
o ' C=270 TLo2
3 | 21e3=2bol&2/ | L,960
3 | 39.7-51.0 &/ . P-390 6lia6
N ‘ (3-?1510 6703
L | 13,0-15.1 & 35360 1000 |
h h705"‘5108 Z/
5 | 36,0-1i8,8 &/ P=600 576l
7 C=1.000 68l
6 6603"7109 g - P-llm 3700
C=630 6805
7 3)408"511-00 §] P—2200 57¢0
C=1390 68,0
8 | Blank Hole
%/' Counts per minute computed from gamma-ray logs. See fige 12
_/ Interval between aluminum-phosphate zone and calciumephosphate
zone is clayey sand, not economic,
%/ Upper part of calciumephosphate zone, Bone Vailey formation,
L/ P = pebble fraction (*Ll mesh); C = concentrate fraction
(=35#150 mesh),
§/ Aluminume=phosphate zone based on lithology - No analysis on gamma-
ray data available,
6/ One sample of calcium~phosphate zone, Bone Valley and Hawthorn
formations.
7/ Wot computed - sample amalysis includes L.i feet limestone beueath
calcium=phosphate zone,
_8_/ Calciumephosphate zone in middle Miocens (2) unnamed membere

Sample 58 and part of 59 used to compute -tonnage and grade,
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Table 27.~-Tonnage computations, line 12

Head assay calculated from analyses of individual fractions,

Counts per minute computed from gamma-ray log, See fig. 13.

Upper part of calcium-phosphate zone, Bone Valley.

P = pebble fraction (#14 mesh); C = concentrate fraction
(=35¢150 mesh),

Lower part of calcium-phosphate zone, Hawthorn,

One sample of calcium-phosphate zone - both Bone Valley and
Hawthorn,

Upper, possibly reworked alumirmmw-phosphate material,

Depth Interval | Aluminum-Phosphate Zone | Calcium-Phosphate Zone
Hole | (in feet below| Cu, yds, | Percent U|C.P.MJ Tons per Percent
Noo | the surface) | per acre 1/ 2/ acre BPL

1 éoO@lloG 8,000 0,012 -
1 | moa9.0¥ | P-620 & 3.5
0"1570 7700
1 | 19.0=22,1 g Not sampied
1 22,1=28,0 P=1060 76,0
C=3620 82,0
@ 805"1702 6 139900 oomh
2 | 17.2-26,5 & P566 73,0
C=ly2o TLe2
3 | 8a-12.6 7 | 7,200 0,005 v
3 | 12,7=30.5 Barren loose sand,
3 3005‘350)4 6 7,850 2500
3 | 35.4=li0s6 & P=600 a2
. C=1200 72,2
b | 47.1=91.3 3 Barren beds,
L | 91.3+97.0 &/ P~950 73,9
5 C-156k 776
L | 97.0-99.1 &/ P60 70,0
B C=1030 Tho5
6  Blank Hoie (Phosphate too deep)
-1 Blank Hole (Low grade, low tonnage)
?
§7
5,
g
)/
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Tabie 29,~«Tonnage computations, line 13

Depth Interval| Aluminum-Phosphate Zone | Galcium-Phosphate Zone
Hole | (in feet below| Cu, yds.| Percent Ul C.P.M. Tons per . | Percent
No, | the surface) | per acre l./ g/ acre BPL
1 5‘7»0-62,9 95500= 1000
l 9‘”7&06 =’/ ° P-lSOO y 7302
C-6850 75.2
2 | 29,2-32,5 5,280 1700
2 | 32.,5=37.L4 Not sampled -
5 calcium~phosphate zone
2 | 37.4-46,0 2/ P-2500 6745
- C=2780 ThoY
3 | 72,3-T5.8 &, | 5,600 | 0,00k
3 | 75.8-81.2 I/ P-2480 68,2
‘ - C=3290 7342
b | 70,0-75,0 & | 8,000 | 0.006
L | 75.0-81.5 1/ P-1880 6li,7
C=1,280 65.1
5 | 80.,9=85,9 1/ P-890 5902
C=90 67.5
6 | 67.4-79.5 ¥ P-4000 6lio5
. C=3500 67,8
7 | 76.9-80,7 &/ P-1250 6645
C~1000 7305
8 Blank Hole '

Qe e

Head assay calculated from anslyses of individual fractions,
Counts per minute computed from gamma-ray log., See fig., 1l
Total calcium=phosphate zone, Bone Valiley and Hawthorn formations,
P = pebble fraction (¢1i mesh)g C = concentrate fraction
(=35#150 mesh),
Bottom of calcium=phosphate zone, Hawthorn formation.
Aluminum-phosphate zone, Middle Miocene(?) unnamed member,
Calcium=~phosphate zone, Middle Miocens(?%).
Calcium=phosphate zone, Middle Miocene(?), Weighted average of
samples 90 and 91,
Calcium-phosphate zone, Middle Miocene(?). Imncludes 2,0! of core
not recoverede
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Table 31.--~Tonnage computations, lins 1}

Depth Interval]_Alumimm-Phosphate Zone |Calcium-Fhosphate Zone

Hole | (in feet below| Cu., yds, | Percent | C.P.M,|Tons per Percent

No, | the surfa@e) per acre U i/ acre BPL
1 3840=410,8 4,180 1400 )

1| Lo.B-i95% | P-15503/ 51,7
C=11990 75,0

2 1i306=l39038/ P=2130 Thel
C=1920 73,2

Holes 3, 4, 7, and 8 intersected no a1 umi mm phosphate or calcium
phospga

Counts per mimute computed from gamma-ray logs. See fig. 15.
One sample of calciumephosphate zone, Bone Valley and Hawthorn
formations,
3/ P = pebble fraction (41l mesh); C = concentrate fraction
(=35¢150 mesh),
Iower part of calciumephosphate zone, Hawthorn formation,
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Table 33.--Tonnage computations, line 15

Depth Interval

ATuminum-Phosphate Zone

Calcium-FPhosphate Zone

Hole | (in feet below | Cu. yds. | Percent ) C.P.M.\Tons per . Percent
No. | the surface) |per acre U 1/ acre BPL
1l 21,0=2l4,5 5,600 1100
1 | 24,5=29,0 Possible calcium-
phosphate zone., Sample
not amalyzed,
2 | 35,0-40,0 8,000 600
2 | L1.9-45.9 P-1300 2/ 60,3
- C=l10 69,0
3 | 5ho0=56.5 k4,000 1800
3 560 5"5909 P. "1760 786h
C=280 75.14
L | 60,0-64,8 7,680 2000+
h &108-68.8 P-920 7100
C=970 Thel
5 | 55.5-66.5 P=2160 68,0
o C=2860 6746
[ Blank Hole

1/ Counts per minute computed from gamma-ray logs. See fige 16,
P = pebble fraction (¢14 mesh); C = concentrate (=35#150 mesh),
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